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(54) ?h«|a|e) a^ats ifisfe 2J-£*II niiaai :£a> n*8=Egm 



S*S^ ?HJ>a-*>|ej aS5|§ a&sfe- e>E*)| ojiaai ^ gj a xiis&goii q)Eh2Jo|cK g. wgoii ccfg miaai ^xkhi 
S ?HnflA|Elo) S c*gst®£ 3 ^^(encapsulating layer)o|| °]^(*| ^*fc*| £1 eh Ap| *4<H£. 

A iS c r# iiS o|^.oiS ^(blocking layer)3f 7|)nlWfH a29|(protection layer) S stt^K ?Hi>Ha|eH 

y^lS SJ/afe- §^g^2| sr^oll ^t)|sj #§e|3!f ?Hnfl^|E| Aho|°| B>§^x|« fl£ 0|^o1x|^ #o| ah 

@-z|*|-cK ?nnH^|Ei ai°-t€ n^M^i 7f3^°S°] «f*^ SfcW&S fg£ o|#-cHx|^. 5J0I bUfsj t;\c[. tcf 

ej-gofl cefs m|aa| ^x^ a cf^ ?Hni|A|E) M£5t°J S^I^S n))A|tn|o|-y^ ?Hh||a|eh AK>|o)| £f 

# tE 21^. S ^StHI cefs uj-Hx-ll D||Ha| i:Xh ms^a-E- £P|s+ 7fx|^ gh£*ll CH|H£| *l|§ 



S. 1afe e #So)| tefg ajs*fl miaal ^2) %q 1 Aj A |ofl# £a|» eSE0|c|-. 
£ 1bzr ■& 1*3 <H| r4^ uj-^l D||H£| ±x[°\ x\\ 2 ^M<H\m £A|£h EFSEolcK 



5. 2a M|x| s. 2e-& S- IJ-gcH| ctfg *Y5.n\ oflsai ^xjo|| 5fi 4= exjai #sHa, Tliaej- °! 7Dn«A|Eisj ^o)| tug}- 1 



H 3a M|X| s. 3jfe ^i|CH| r4# o||Ha| rtx(- X)| 1 £M|ofl§ £A|S(. g-g£ES0|cf. 



BEST AVAILABLE COPY 



£. 6 SJ £ 7S #£o)| tcfg. B>£*|| D||sa| *)| S g,^# ^SSN A IS1# E}S:n 7||nfl A |EH o|^=Aj o, ?(j 



&&of *r9h£ ?l£ si got &an?fg 



t D JS n«aa| ±X\ 5=' n *£«ftjo| 32£M, ^^p)!^ ?n nty a| &| aseig afsfe ej-£E*ll ofl s.a| ±x\ s 

a*fl£grt*Jo|| cl)^5Jo|cK 

#«H, tfE* Qiiaal r^s) ?Hn«A|E) -fr-S^ig «|gsp| ¥J*i- ^# g>i 2icK a|$|^AH ^aai 

?HfS*l|s| xjffl-^.=(remnant polarization. o|h) p 

r '0|aH» S^o|, Q7J| ga| A >*£|*r 71^ ^xfo) 3 |^ 0 | hjj, oi^ 0 \B 7|°l(binary memory) 711^ t**|£)7| nHS0| 

<^r. fcM, yal Algsjm 3Mf3*ll g^Sfe PZT(Pb(2r, Ti)0 

3 ) . SBT(SrBi 2 Ta 2 0 9 ) #o| Sicf. 

ngcil, Dliaal ?||n)| a|&| 2HF3*I|3. ggsfee|| °!CHAH, 7^ *}0H7\ £|4= ^*)| # Sfi-fe, ?Hnt| a|&| ^ 

*H£=! 2Hfg*l|fi] SJ-ffS »^o| ?Hh))a|eh S-Mgg o|^oi| o||Ha| rfcxjs] s^gg (integration 

process)o||AH ^sfsjcj-^ ^o\c[. &E.m D)|aa| H*\2] gsjj!|§o||AH 2J#£j*||£ a ?Hfll A lEH #£taj-o| «^J-£)-fe- S*)|# o|SKH| 
AH ^£3, y£*ll D)|Ha| rtxMM *l|2=o)| 2JcH A H ?Hm|A|E) S^SSf 4»aa- ol^tofl^. ILDOnterlayer Dielectric)^ 

§, IMDdnterMetal Dielectric)^S, Jfl|A|m|o|^ (Passivation) g§ #o| a@c||, 0|£)£J- ggff =HBofe- #e.kH|fe ?H 

3H a |eH SSWiJ 4= °{^. 4=^1 ^ 2icK ^^sj 4=^- g §0 | ?ig«1££ ?H=Ha| 

EH -^Saj-HS ShJi, At 7 | g§o||AH S^EJ-^ ILD2J-. IMD^I E£.& nf|A|m|o|-y °| mo)| g°j£)cH ?H D D A I E I ^} 

S^-op|E ^cK =l S2f, ?H nfl A l E H ^-S Ah#§ ^*S*fl2j 2Hf3 ^ P 

oilS #ch, 2^3*f| ?H n H A l E HS ^ISholl § ^ 5> o|^o)| a}^^-o S o|^-cHS S^^PI ILDgS 

S SDSFS, ?HnMA|E)o| ^.^afol S^s)^- tat^l. ^, PECVD(Plasma Enhanced Chemical Vapor Deposition) ^at 

A IS°|oi ^SJ-etSS o|^.cH5! #^}§^ets S^si-fe ILD g9ol|AH.£., ^^^(SiH 

4 ) S\ £!±?\±(0 2 pl tt#7h^£ A^E|oi ^^7f^2+ >4^7f^7h l-fQ ^^7|- ^3^. 

S*|| ?HnflA|E|o| ^2°-t°S ^tforOH ?HnH A |E) «£fA|?|7|£ sfi, lLDgSol|AH M|ot| 

#2JiE|cH ahah o| ?|)n|)A|E) #ge|# S^ A I?|7|£ z}c[. a ?H nfl A l E-H ^3^2) P 

r S^o| S-^s|cH, ?Hiill A |EH -^S^sj ^sl-fe- m*l\??\x\ ^£\7\E. o|*Hg. sj-£*fl m|aa| S^j^schi 

ah ?H2H a |eH -S-a^-ol S^s)^- sxii^. filiaeH S^spl lLDg§o)|AHQh t^s^ 5$ oMo=|, UHHm 

^pi fla-iMDgg si n«A|tj]|oi^°ts g^opi ^®nD)A|mioi^ §§o«ahh ^^^j o S = x -)i7 r ^-aswi Sc-K 

cnfEH. o|fif S^IS «H^sp| ^(ofoi #ej|7|#o|| lUE: &E.m Df|sa| ^ xi| ^»^oii ah ^ , ?Hn« A lEHS S^SfJi 14^ 

oldens gojat°S ?Hmi A lEH# ?3#£Kencapsulating)S^ "JSf a^S^ 2JqK ofl# #cH, aR^S) x)| 5,822.175 i 
c- ^«Mio|| s\s} ?n no a| e) S^S-^IS SHSSPI flan. ?Hnil A lEH# ^uais t+^ef, £gg ^ai^ A iS|-a| SEfe- -felais 

mm^°S. a#sfs^ SSI ?H A lsm 9lc[. 

KB. ?Hn« A lEH S^SSCHI 511 <H A H-fe ?H^ A IEH -S-a^S g-as^ l4a| ?H n H A l E H 1§W gflS^S 2,^sp| flsH 

600 *C m*1 800*C Ajo|s| s £ §y aj.^ gfl7|*HHI A H S*Ha| §§o| ^aS^K ££e>. ?l|nll A |EHS S^eF o|^CH|£ ?Hn(l A |Ej 
S3 §o|| =^|S£h 2H±| Ajztggo^ ojgt) sjsi 5, ? hh)|a|e)o) 450x1 41*1 600 "C A^|fij 51 

^■^17 |s^|ah s^a| g§o| ^tsscK 

ngcll, 0|2H&h s*H£| ^f§ oi| ah &E.M\ ?\& -^2| S^g ^?JS^, ongcj) ?Hh)) a |e|S S^I^ISS °3^Shfe- 

m*\=Lg. 3}-£}°lo4 aeixHs-oj f 7 (f ^ejis^i sick ofli- #ch, #e)a7h £§g #a|^a|^os ol^cHS g^-. S 

ej #snas CHiteJ- ^-fe- ^ai^Jai^iif ygsjo| ^ej #e)aa|- 9H^a\b\2\ this<H| ^a|s A^o^g §ah s ^ 5B|xhsps #7f 



SClK 0\B\& ^^Xifj-o) g 7 fe QilSBl ±Xlo\ §AJ^5=# X^A|?|fe fiojo^ ^^7j| ij^K 



S ^go| oI^-jixf sk=t 2f*!l^ *teHHI ?H*H*|eH ^S^fil »x|*^ 9\\sqM*\ Mt D -| a/afe xjxjs- 



^So| ol^zixh sfe 7|#*t 2f^|-^ 7Ha«^|E) o|*o|| &h£*i| m|sa| ^x>°] S^SoflAi 7fjnf|A|EH§ 

M£» 4= Si XI *fe eKxfl D||sa| ^ISofe 5o|cK 



*f ^Y£J^ Aho|o|| aj-ojsj ?H*Ha|eh ilfofe ?H*H A IN, 4PI ^H^^IM^I 3 ISI #W *{cHfE 27H°| § 

0|^CH3 C+§ *}7\ C|-§ AK»| gAHS] ^o*qf a, a} 7 | g$£fej- °J A* 7 | g 

s§ow a^ s ^ s s^ofe oil n-^qs ss&ck 

£PI clF§ ^CH£ g^g^m n^^\B\ £pf£|, -^7| g&j-iyDfol al 7 | 7Hh}|a|e| ai D -ts| °J^of| ^-b|s)o^ 

4PI ch§ ^^^°|o| 2 gets S^cHI^, 4^1 em ail^^oi 3s*|SR=- *\\s\t>[ji £j is 

£PI »^a a ts| s^oii aj 7) 7f|nf|A|EM m<=>5J aK>|s| b^§ # gpq sj/ce- a} 7 | ?nn}|A|Ej ^£j°t°| 

Ta 2 0 5 ^t, BaTiOg^t, SrTi0 3 *t, Bi 4 Ti 3 0 12 ^ PbTi0 3 ^ ^ xi^K 

a^ 7 | ?Ha«A|Ei J£^°|-B g-ast moi| ^ojsj ^^ 7 f ^H^H A IN S^ofe 5# ^ Si^ o|^o|x|^ ^o| 

u^ai^cK uWS|«F7|& t ^ 7 | 7HnHA|El TiO 

2 s *. Ta 2°5^. Al 2 0 3 ^, BaTi0 3 ^, SrTi0 3 ^, Bi 4 Ti 3 0 12 ^ ££tt PbTi0 3 ^0|£|, ^ 7j ^^gstg 0|^^ 0| 

g. ^-goj ^ ^gon bh £ x|| Q]|SB| ^X^ a} 7 | g^q| oj mHj-aSj a^| gAjg jfl A | tJj| 0| Aj afg. C-| sfj-g- - ojc|-. 0 | Ifl, 

a^7| Dil^q^ n}|A|m|o|AjD| A^|o||fe nHA|tt]|o|Ajq| l4|o|| #ojg -^-S^a^ tl^oh^ ^# ^X|SKfr 

^r^S-^ Al 2 0 3 ^, Ti0 2 ^, Ta 2 0 5 ^, BaTi0 3 ^t, SrTi0 3 ^l, Bi 4 Ti 3 0 12 ^ PbTiOgSf^J 5o| u^s|«^. 

& S ^ScHI lcIB Oil sal Ak 7 | 7HnJ|A|Ei s^o{| gAjsj g^}g^q| oj gysaat M)cH| ^o|s)cH ^ 

7| ?H^A|EH o^S^Jlf S7|5jo^ ^AjAH ^E-JZ1# Ci 5L»S|-jl, A} 7 | 7f| nj] A| E-j 3|-«Aj^^ AJ 7 | ±X\M ^B\ZL A\0\ 

oil aj E |^o|^°|o| ^tiis 7i|g°|# ci =^5E xitiK 

& ^S^l S ^Soi| ixfe m|Ha| ^7| 7HiiHa|e-] s^oil gAHjg gygg^ °i a} 7 | l|)o|| ^o|£]cH ^ 

7 I ?H^a|ej s^s^oif S7|^o^ o^gsj^ s gAH #£-|a# ch sim ^ xi^K o| a«, aj 7 | ^xjah s&ja-^ ^^-H ^a|A^| 

* ^Sfil ^ ^S0|| L£fB CHISBI ^X^, S^S^, AJ«g^ nl Ak 7 | A^Aj^ Ah0|0|| A^ojs) ?|j jqj A| ^ 

stfoh& 7h^a|&] oj a} 7( ?hh}|a|eh Aj Aig^o^ ^-Mj-oi *io\e. m sl cim m&mm^. oi^ois w^zi^nn 

^ ^S^l C[B ^9011 Oil SE| ^Xfe, S|-«S^, AJ« S ^ °j M 7 | sHfiAi^ a^ s ^ A^|0|| Aj-ojsj ?h^a|eh 

?H^A|EH, Al 7 | 7|jn|j A|&J AJ0|| §AH S A^ 7 | a^q| # ^§^0^ A^ 7 | A^Xj^ ^SjS^- Q[\ o, 

A^ 7 | DH^SiJj A}oi| §AH£j HHA|tJi|0|Ajqtg S&3|-^ ^X^, A} 7 | Dj|lJ-SEij^ nj A | U|| 0 | & °+ Af0| 0j| ^fi^ ^X| °|0| 7|| 

s a-s^i ^ ^3 chi oil sai ^x^ xiiss-a^, axi o^g^ a^ 3 ^ °i a^ 7 | ^«a^^- A^«g^ a^ichi # 

oj£|^ ?H^a|eh ^a°t# S&oh^ cuisal ±:X^ 7HhJ|a|&)# Bh£j!j 7|£kH| gAH^cK ^9 ^S, -^7| 7f|nfl A lEJsJ 3 S 

Soil ^g^H^. Sah &c + 



4PI c+S c[B o|^cH3 ?Hh9a|eH g^^sj Ap ( gs^jsf 

S^£h^K c», a^7| §a^°|o) 2 s g § x|g^|o^ ?HnflA|E) S£»ch 

#i|o| oj ^go|| cm S a| -fcxf xil^^a-B 4^1 #^?J^# S^eh o|^oi|, 4 00*C Ml*! 6001C a^|sj o, ^ 

£PI S^U^e £PI BMfioii £ah S 7Hh«a|^ stof A ^ 0 |o| a^gg 4P| ?H*Ha|eh ^g 

Ta 2 0 5 ^\ BaTi0 3 ^, SrTi0 3 s| f Bi 4 Ti 3 0 12 ^ S£± PbTi0 3 ^H^ t SJ^K 

AK7| ?H^A|EH »*|* fiS ^ 0| b^^^ d^i^fe, JiO 

Ta 2 0 5 *J\ Al 2 0 3 ^, BaTi0 3 ^, SrTi0 3 *t, Bi 4 Ti 3 0 12 ^ PbTi0 3 ^H^ S^^sj gs^c^ 0 | = - gsjaif^ n.[B 

715*1 aaoii nHAimioiAj^ sah^ ^ 9 c -\ stt ^ oidk 

4*7 1 !H|A|a{|0|AjDJ-g gAHspl goi| 7|5°] ggoij ^x| aj-s S^o^ *7kg, 3*8^-^ H^3J^|- 

Til^r, &7| ^±S¥ ^X|°|^ Al 

2 0 3 *J\ Ti0 2 5|, Ta 2 0 5 ^, BaTi0 3 ^", SrTi0 3 ^l, Bi 4 Ti 3 0 12 ^t 5E-^ PbTi0 3 ^|H^ §ah & ^ 

W-£xfl S^^i-^- §AHg a^7| b]-^| 7 |&o| ggol| HHA|tti|0|Ajoj.g SAH^ ^Tfl S iSJ"^ *l±x\\ D||Sa| Xi|^ 

^011 qjoj- ^0^ > At7| H}jA| tfj|0|Ajq| # ^ AH Hp I AjOil ^S^- ^X|°|# A>7| O h£ ^|| 7 | & o| 3 go,| §AH^- Q^j J Qj 

o|o^ch|a^ g^^h £Sf ^^^W & ^-Soii cthB ^H^a|eh st^ o||aa| ^x|^ °| a ^|^«^oi| c^oj. H |-a^ 

S|S AJA|0flSS ^l^l-Til ^SS-CK Zl^L-K ^S^l AJA|01|#^ 0i£i 7fX| SEH^ ^ °J£D^ ^ «^o| ^^|7^ 0 |- 

B«CH|Ai A^3^ AjAl^joil ^H^^JCHXiA^ OfL| 5\z\. 0\a\2\ » '^a^l**0W A] ^ 

X|AJ§ 7^1 x^|7« ^ aS^hTli Ajgsp| X-i|^H|^ *|0|ch S.S AJ-OJI A] §0|Lf S^#o| =^||- Aj<goj 

^|o|-^ 3f&£|(HS ^o|cK ^Sak>||aH #^oi- «^ xiSej-cK cHS #o| # SE-^ 7|&°| aj 

^0j| Si^al 7|XHej- AV7| Q^ttj § 0 | a^ 7 | d|-^ ^ 7 | & o| m~o\\ 5|g ^X}|^ ^£ °[ZL, Zl a^|o« xh| 3 °| #0| 7«X}j 

£|(HS ^ 2M. &S, * V9£| ^JA|oi|o|| ccfB £H|a&l ^^Wl ?H*Ha|eH^ COB(Capacitor Over Bitline)^S# 

wa, « VSOU ctf^ tf£*n tHiaal ^xfoi| ^d|£|^. 7Hn«A|E)^ CUB(Capacitor Under Bitline)^2=# 7^ ^£ 

£ la-^ a-@oi| c4B SJ-Sxfl Diiaal ^x^ qjg. ^ 1 aj A | 0 ^ ^a|^ aa£0|c|. 

5E 1aS &3&o|-a, &eElM\ 7|5(100) ^o\\^ LOCOS^§oi| 2\f>W ^X^a| °t(l02)O| ^ah^^ - go|^ji oiji^ 

B|°|(l02)Oi| SJ^OI So|H) - ^AHg^ a^oji- Aj7||salf s X| ^ ^ ( T)7 |. gAH^^ o»cK ^7) #AHg^ # go)^ ^Xf-^ 

e^j^l ^a<H| 2\t[0i §AHS| ^ £ o|cK A}7| Aj^lsJlf ^^X|A:EH(T)-^ 7«0|e S^(102). 

(104) =S||o| 3<*|(106)H^ Ol^-OiXi o»Jl, A}7| 7i|0|H g^(l02)^r &E.M\ 7|&(100) A^|0||fe 0|ip.CH£! 7i|0|H 

^^■(108)01 7i|XH£)D^ 71|0|H 3^(102)°] ^^0i|^- S^f°|o^ 0|^-CHg A.ji||o|Ai(110)7f QAjsjc^ o|cK 

^7 1 r^x^E|°t(i02) a S7i|j§:2f E^ X |^E)(T)7h §ah S 7|EK100)£| aSoil-^ S7<|saif ^gHx|^E|(T)# a 

7|wo^ ^a|A|7|^- 1 S^8flst(ii2)o| s^^ch o i j 1> xm| 1 S^S^°t(n2) #ch|-^ xg 2 S21Saet(H4)o| &<gs\o\ si 
c^K 1 SZ}aflst(112) 51 «l 2 «Z}Sflsj-(114)e BSG(Borosilicate Glass)^, PSG(PhosphoSilicate Giass)^. BPSG 
(BoroPhosphoSilicate Glass)^t, TEOS(TetraEthlyOrthoSilicate Glass)^, USG(Undopped Silicate Glass)^, S^-TEOS^, PE 
(Plasma Enhanced)-TEOS^t EE^r o|#h| 2S&e|^ ^ aa|2L, ^7| th| 1 #£}§£°K112) Mjo||-^ gig #s^ZL(116)7^ S 
^H|CH Xi| 2 ^3^^(114) MICHI^ 5^)nHH(118)7h Sahsjo^ ojo^ 1 S| X|| 2 ^^8^^(112 S! 114) Ml 

#&1a(120)7r SAHsj^ ojcK ha|^x|^- a^lei ^7| a| e £ ^oj 5ii|nH = (ii8)-c- tJ| e E ^oj ( D |^a|)o!| S7|^o^ 
2i^mi ^7 1 #eiZL(H6)-^ 7| 5(100) ^oi| g^g g^g ^ojg^, o^q) =a||oj g^(io6)2f 

= (118)S S7|^o^ aat^K -^7| j£AjA^ #aia(l20)-& *i| 2 §^§^^(114) Dj| Sa | 7||nflA|^ 

(C)Sf e>SExfl 7|5(100) ^HHI S^sj ^^S^ t oflSCH S^(104)# S7|^o^ gSS^h a^| D||H£| ^Xf 

o| 7H^a|eH(c)^ o^g^(i22), ?H^a|eH #{ga«l24) S ^S^(126)SS ^sUH, 7H^I a|eH(c)s| x| 2 S^S^ 



(114) Ho\oi\^ 7)ISet(i28)o| 7||*»|s|oH 2lcK 



ShS. S. ^aoHM S3£ ga)a(120), 7llS5t(128) 5! ?Hm|A|Ej(c)S £A|UW| Sion-H^-. n ^*fl^ej •a^i £A|^« 

cl. «|i-WS. * #go)| ofB OflHal ^ 50 (| SicHAH-^- £*jaj #sjn(120). *IS2K128) 5=' ?HnH^N(C)7f 

7H ^ aaso|cK tcf£W. £3£ #eHzi(120). *ISef(128) 5! ?Hm|x|EH(c)2| cJ-gftF ^sfe £ 2a £ 2eHI Si 
s»oi oi^ofl a^aiiswi ggspis the*. 

^¥a^d26)2i avist *fl*m ?hdiia|ei(c)si a sg s n\ 2 #z}gs&Kn4) ?hd«a|e)(c)s s.±^ 

^■(Encapsulating Layer: olspEL'Olsj S&)o| c^aj-o S g^sjcH atcf. ££SJ-, a#^(EL) ^oll-=- HI 3 #£}§as|(134) 
0| S^£|01 f3a«s«EL)o| §Aj£|cH flx| Sfe 4Hf*3^(126) 4WI^ aj« s = D)| 3 6)o| g^s,^ oj cK ^ 3 
#i^^°t(134)-E BSG^t, PSG^, BPSG^, TEOSaj-, USG^t, £^-TEOS^, PE-TEOS^ o|#°| stmiJ 4= SicK 

^f^SS ^35! ?3^2f^(EL)-& ?HH(|A|Ei(C)# ££S|-7| ^Sfl C^jlf ^ ^0| d^^W. ^H, 7(jHl)A|EH 

^33t(124)2| $|^# &-x|*K*|o* ehcK oflS HfoH, -^3^(124)01 PZTH, BST^ ££-fe- PLZT^ n*3*l|st afe 

?>^3SI D -t£S ol^-CHS S^oll ?Hnt|A|EH ^gaj-(i24) M)£| thfcfix^ ?HnH a|e] ^3^(1 24)o)|aH o|ihS|-£- 2J# gpq^oHof & 
c r. SHM^S. ?Hmi>MEH -^3^(124)01 m^VS nWM^iCPl S£f£|o| iSfSj=J S°I<H| 2jS|-c*| sa§ xi§S|~fe. 7|-^# 
AJAj S p| niSOlcF. SEeF, fflMs«EL)e ?HnflA|Ei(c) ^£o|| §4 H £]CH #H<^, oilmen zfl 3 2*^(1 34) u||o)| ggjg 

?HnHx|E) *ga«i24)SS ^3*h& 3# *l&m 4 s 2i<H<H £hcj-. 

ttfaW, ^s^^KED-S- sjcHE ahs. cHE iatus o|^-<H3 WHQ^H ?Hh)|a|eh ^disfe 2jo| uh&zifttcK o|7|o)| 

A t ?HnH>>|EH ?Hn«A|EH ^S5|(124)°S. Sf>4Sh^ ^# sfe 7|^-# ^tJ-cK zia|Jl, fSHjefa ?Hn})A|&| 

as^acf o^oll S^£|CH, s^^atoj o|^o|| ^ S a^3f ?Hnflx|e) as:^o| a^ ^# ^x|Sfe 5!/£Efe 

?HnHA|&i #|^^a| ^sL ^«fict. *S, =^«S^ 7|^o|| ofcHAH #^°tmf nw*\m fii D 4§ ^o|^ °! 

a|°>, 4^ I oil ah 7|-^SS 3^ =^IS^ =t= 2i#& SS-o|cK 

ad*fB«EL)0| ch#5t°S g = > ig#sf°t(EL)^ go| ^ S - oicK ofl^ gcH, a#Sfet(EL)0| 3§et£j S^o)| 

#^S5|\^#^\?HnHA|EH aa^oj ^ Ms _ ^#A|ej 7^ ^ Sm. £E&, a#Sf^(EL)o| 2g D 4?! §^o)|^ 

°t\?||n||A|EH ^Ais i|SA|^i f 5 f 7h§ ^£ SicK its, ?j^S).n|(EL)o| y\*l 4= ^-£^71 -^7|0)|AH 2g 

at 3§efe>°S eFSslfe 0M04, ?3#^(EL)S ^4JW t #^a|^l c\<gz\n 4= °!c|- 

•PIB. I3#^(EL)0| 3#5| 0 |Ato| c^=fo S ^ S xiafE 5jcH£ <^^3f ?HnHA|E) fii=4f stTsl-E^ ?3#Sfa|(EL) 
e sH=r 5o| HUrsi&S #S-o|cK 

E 1ao)l £A|sj g ^@o|| itfB e>E*l| D||aa| x)| 1 a|a|oi|o|| =f-u\^ ?g#£f^(EL)B 2g5| s\o\ 2lc\. 

u^r(i3o)oi a^s =( 12 6)°i g?ss§ ns\& 9m*\mom s is s m 2 #z}ssst(i 14)21 y^ss 4N s 

ahsicH aa|2, -y 7 | #^?J^(130) -^otlfe ?H nt| a| e| a^at(132)o| 2|g^os S^s|cH 2icK 

4^1 #^|jet(l30)# 4 S^^B ganje|(i3o)°) 7|^# Jie^W Ajejsnzh n|«a|«f7fl4£. M^rS^dSO)^ TiO 

2 . Ta 2 0 5 ^f, BaTi0 3 ^. SrTiOg^r, Bi 4 Ti 3 0 12 2r ££fe PbTj0 3 2r°s ol^cHS =^ <2lc[. #&r?jaf(i30)# ^ 91= #^ 

^■2| Aji!|o)| aicHAi^, ?HnHA|EH ^-3^(124)^ *}%m ^2.5>\x\ &± Ajejo^ ^o| h^^js^K c^aH, m^^t 

(130)# ^-4! g^s+sj ##J=- ?Hn}|A|EH -^S°t(i24)°S S^e!- I-^sj-2) ##o|| s\zw §gsfe ^o| h|^*W. o||i # 
ol. ?H=Hx|eH -S-3 ^(124)0| PZT^r, BST^r PLZTet2f JX^-3^1^ ££fe ^3*)|2<-os 0|^-CH3 3-?-o||^. 
(130)S ^JHEjg y^oll 2|SK» §ahsi jiO 

2 et(^D) eh §-Ti0 2 ^)°S o|^(Hx|^ 3o| h(«S|«H4. WLK ^|2f &o| H#&r&2r(i30)H# =?&?k TiO 

2 e|§ Ajajsj. g^-o)| Hf§H-g^(l30)-& CVD(Chemical Vapor Deposition) ^S<>l| s\s[oi gAjg Ti0 2 2J-(CVD-Ti0 2 e+), LPCVD 
(Low Pressure Chemical Vapor Deposition) ^So)| 2|^oH §Aig Ti0 2 ^t(LPCVD-Ti0 2 s|), SACVD(SubAtmopheric Chemical 
Vapor Deposition)^ oil 2|sioH §Ai g Ti0 2 *t(SACVD-Ti0 2 &r). PECVD(Plasma Enhanced Chemical Vapor Deposition) gJS 
o|| ajsi-oH S^sj Ti0 2 et(PECVD-Ti0 2 5t), ALD(Atomic Layer Deposition)^ao|| 2)Sfa| S^jej Ti0 2 ej-(ALD-Ti0 2 et) SEfe LA 
(Laser Ablation)^ o)| °|sH*| §a^sj Ti0 2 ^(LA-Ti0 2 ^)^ 4£ 2icK a^| §^^^. (130) = ? AjS|.^ #§STiO 

2 ^ Ol^^l C FS 3^§mH|£ ^7 1 2+ ^s. §ojs^g f ^4 SitiK at 7 | Hf&r?|st(130)2| #&rU^(130)o| 

sr^- y\^, 1i^g°t(l30)°S 3^1 Eh §<a2|s| s= oiaH^oi ISSJnK uH}5|S|-7||H=- if ^?J*t(130)2| ^w«H=- 50 A Mix) 
1500A Alois ^ °jc|. °hg, At 7 | 4§^U°ni30)e ^ 7|^f ^laiSH # W\, 400 TC M|x| 600*0 Ajo|2j a a^ s^| 
M £h3^ SxHaig °>§Sf ^e. 2JcK 

47| 7|)nflA|EH a^°t(i32)# 7Hm|A|EH fi±et(132)o| 4f!S^ 7|fe# n^sw «m»cf. nH^S|«WH=- ?Hnfl 

a|eh fii^(i 3 2)-S- TiO 

2 ^, Ta 2 0 5 et. Al 2 0 3 et. BaTi0 3 st, SrTi0 3 ^, Bi 4 Ti 3 0 12 ^ PbTi0 3 ^°S 0|^-0HS 4 SicK (H7I0IIAH, ?Hm|x|EH a^a| 
(132)S ^tr H#iSet2l ?HnHA|EH ^3^(124)# ^ & ^ °+2| #^ 51 H§&J-^°|(130)# ^^Sffe g?J^2| ^o|| 

ccfEjAH ^ai§ ^ sicK oflHl #CH, #am9+(i30)2f W€^o| °!H= fS D 4££ ^HnH^IN fiS;et(132)ii S4!SFx| affe ^Jo| 

££°!-, {§&t?J2K130)HS ^ S |^ gS^BfHz- ch# Ht^atSS ?Hm|A|Ei fi^et(132)Ht ^S|-& 5Jo| «H}S|S^. oflS 



#<H, ?HnjjA|EH ^SSt(124)0| PZT^\ BST^t EE± PLZT^^I «« oHfE!*!!^ £Efc &#S)2|et°£ o|^CHx|:n g&hgs«i30)0| 

2 ^S^ 0|^CH3 g-¥-oi|^ 7Hn«A|E) aSS|-(132)-& ALD-AI 2 0 3 *t£! 30| u|«2|S}ch ^x|o> ( ?Hh}|a|eH M^st(132)# ^£Jt> 
Al 

2 0 3 ^# *|e|»a^0B 7fi*|A|&j ££^(132)^ CVD-AI 2 0 3 ^, LPCVD-AI 2 0 3 ^, SACVD-Al 2 0 3 *f. PECVD-AI 2 0 3 *f, ^EiEH§|- 
Al 2 0 3 *t LA-AI 2 0 3 etSl ^£ Si^K £PI 5MA|e4 M^S|(132)# ?4l»tas Al 

2 0 3 ^ o|£|o| #§s «B|«FD|ajE & ^ SUch s&», ?H*]a|eh M^5|(132)€- n jnalih a« 

400 'C m*| 600 "C Mo\9] °| £Y± SHXI*I Sx)E|g S*SSf SS^tS ghg, ?\\ nf] a| e-| ££°t(l32) 

?H Aj E-j M^(132)o| 7|fe, ?HnHA|EH £^°t(i 32)°^. *jS|» ggoj-oj ^ah jIBtSHU gg»ch bf- 

a-S|^7|| &, 7H*H A IEH MH^(132)£| ¥»0fe 50A 4|x| 5000A Mo\^ ^ 2icK Mc|- Hfa^ Spflfe-, 7Hnj{ a|eJ SS;st(i32)£| ¥»ll 
= 50 A 4|x| 1500 A AK>ltt *r 

011^^^(136) §U £PI *i| 3 8^9^51(134) ^o\\^r n(| a| uj| 0|Aj S+(1 38)0| Sg^o] o| C |. ^AlbilolAjqjd 38 ) 

B ^aiS a*F*t ^jal^ ^^SSf^S 4= Si^. ^a^oI^o] 2000 A M|x| 20000 A aK>|«! 

S-S, cuiHai ^^o| ?Hflfl^lN(C)# ^S*e| xfl 3 S*}aas«i34)3if nHA|m|o|Ajqt( 138 ) 

AK>|oi| ^x|°|(i40)o| Aj^f^o^ s^s|(H ^ SicK a^| S-x|°t(i 4 o)-& ?H*I|a|eH Ms^t(132)^ aS*4 

— -S. §H» -Miech c[a| °Hjf|, ^±§f ^-x|°t(140)€- nHA|m|o|^°|(i38)o<| ^-ojsjcH £H?3^ DiH!^ 

(136)0| g^g J=t«oi|Ai 7Hn«A|&](c) *Mi*Fo| ?H*«a|eh ffQ^024)# ^# «-x|sh£r 7|^# ^Wfl-c}. u\ 

4PI ^S¥- »x|BKi40)e Al 

2 0 3 ^, Ti0 2 et. Ta 2 0 5 ^, BaTi0 3 *t, SrTi0 3 s+, Bi 4 Ti 3 0 12 ^ o|«fi| St^o^ 0 |^CH§ ^ Si^f. ZlScll, ^ 

A|°|(140)-^ ^^7h 9\{II%A\B\(C) «J§££ ^# ^df 5^£S ^I^PI ^ ^0{\ QHQ- §*^0| o^g^ ^ 

^ sj t^t ^s^-^j aoi cE^^^A^ t =^^a ^ »^isKi4o)e 3^ stsoi 5g 

& Ol-L-IEJ, 100%S1 ^ ^fcHa|A|# 7W^. ALD-AI 

2 o 3 ^-ej 30 1 b^^j^cK o^oj, s-x|°t(i40)g #9^°^ ai 

2 0 3 ^t# a^0||, »X|BK140)« CVD-AI 2 0 3 ^, LPCVD-Al 2 0 3 *t. SACVD-AI 2 0 3 ^, PECVD-Al 2 0 3 st. LA-AI 2 O s 

5| SE-c- ^ff)Ng-AI 2 0 3 st^ ^£ 2icK a^7| ^tJ^ »x|at(i40)s| ^tHI^ 50A M|x| 20000A a^|^ 4= Si^l^. 200A M|x| 
300 A A^|°J ^0| bH,^ohcf. 

g^-oil ccfEfAH, ^s^. ^A|°|(140)^ 400 "c L||xj 600 -C Afo|o) °? #± £r$\7\ *MM S^a|S ^Ssf 

^ SicK o|*ta, S-X|qj-(140)0| gj-gsj. #^°|oj g^o||^ 7H^H^I^(C) gf&£S ^4:7h ^<4s^ 5# M 

5EA|^x|^. sf^x|Dh t ^S^- ^x|qt(i40m xg 3 #^S^^(134) A^|oi| a-#e)-o| ajew^o^ Tjj^j^ ^ oicK oflS #oJ, 
a^| ajoj CVD bhgoll sj^oj gAng 5S o| afe PECVD »Soj £|ohO| §Ang ^^tt ^ &#^0| a^ 

CVD^aoil gAHsj a^oj.^ g^, S^-TEOS^, PSG^I BPSG^^ *r W^K 4^1 &#5t0| PECVD 

oil fi|^0i gAjsj A^n|o| g « aj.§o|« PE-TEOS^t ^-fe PE-SiH 

4 ^ ^ Sl^K S-#st£l 50 A M)x| 1000 A A^olS ^ Si^K 

£ 1bfe S- ^9ch| c4B W-Sxfl oiisai ^x^o) ^ S oi| cHgj- xh| 2 aja|o^|1- ha|^h o[dK y^xll 7|e(ioo) ^oi| &&s\oi si-^ 4i 
^■S-a|aj-(i02)3f S^ls^f ^|Hx|^Ei(T) t q 1 SZ}Sa^(H2) 5! q 2 8^93^(114), xg 1 #£}93*U112) M|o|| gAng ^ 
9 #£HH(116), q 2 Sa»flaKll4) 4|oi| g^g b|jEB^j a^ifl = (H8), *\\ 1 S! q 2 8^Sast(112 53 114) M)cH| g« s 

ES4 H SHia(120)Sj ^^-^ & #SCH| &E.m mSLB\ ±:Xfo) ^^l C|| Xi| 1 ^A|ol|o| £-^<2+ aj^j^o^ §^^cf 

^ 1bS &2ohS, ESS #^n(120)^f W£x|| Di|H£| ±*[Bt ?Hsa A l^(C)7Wia^(128)# A^|0i| ^Jl S7|^o^ o^sjcH 
ai^K 4^1 5r||JflA|Ej(c)fe o^S-^(122), 7Hii«a|eH *gst(i24) 5! ^S^(126)SS ^s\o\ o|cK a^ 7 | 7HnflA^(c)a| 
o^S^(122) » ?HnflA|E| #S^( 12 4)^ Xf| 3 8^93^(134) M|o|| Sahh)^ o|o Dit a|e) #S^(124)£) 
a«fle«l34) A^|o||fe 9tH#x\ ^m|0|Ai(i42)7MI^|£|cH °!cK 

99, S a\B EH|aa| ^xjs| *f| 2 ^A|oflo|| ^-b|£|-^ SSah §eia(120), ?<IS^(128) 5? ?H^a|e)(c) J5E& 4J7| 

x-il 1 ^A|oi|oj o^7fx|^ c|-ofc & zp.^ # o|^cH^ ^ o[^- d|, zl ^xflsjol ^sfe 5. 2a M)x| 5E 2e# S-^ol o|^IAH 

a}7| ^fil|0|Ai(l42)-^ Xi| 3 SZ>Sfl5t(134) Mloil g^jg ^7f 7H^A|EH #S°t(124)S^ ^X|& ^ °i 

= &SStHS o|^(Hx|^ ^0| HHfS|^CK b|.a^X|^7U^ f ^^xj ^m|o|Ai(i 42)-^ Al 



2 0 3 *l. Ti0 2 st. Ta 2 0 5 at. BaTi0 3 sf. SrTi0 3 9t, Bi 4 Ti 3 0 12 et, PbTi0 3 ^ o|^2j ^ajoj ^ oj CK 3^1°}. at£Wx| ^m|0| 
■M(142)fe ALD-AI 

2 0 3 D 4£S o|^.(H^|-fe- ^o| aHfs|Shcf. £|->4^l ^d|o|Ai(i42)# ^41* g^o^ A , 

2 0 3 5t 0|2)o| cfB #£|9t# -iijeiSmahH, A^|fi| ^ 0 | gojgj. 5Jg- g - o( cK 

*« 3 #Z}S3 5t(134)sj ?Hn)|A|Ej 4^S^(126)£| a}«£ ni ? |)nDA|Ej ^S°|(124)°J 4YS g fl » g0 ||fe c| 

m^SLS. ^43 ?3#£fet(EL)0| U4s|o| Sick 4?| a^^(EL)o|| cflsHA^ g ^@ch| ci|g D||sa| rfcx|s>| ^ , a,a|oii 

%TSo)| ttfg Oiiaai ^x[s\ HI 2 4a|01|°| g^.o)| S HI 1 AjA|ofl°| g ^ a}&7|x|£ ?3#5fSi(EL)0| #^5+030)2* 

?Hn«^|EH MSBtd32)o| 2g^ £|CH °tc|. 4?| g£*W(EL) 4°flrr x H | 4 saafl««l44)o| S4sJo1 XJ°n=| m 

4 Si}Saet(l44) S! ? J^^(EL)# yssw 4¥S^ oil^5^(i36)o| 442)01 °}c\ a aim H| 4 «aaa«Ki44) g! 4-=i 
3- 0)11^5^(136) 4<HI£- h]|a|u||o|4sU138)o| §4=101 Si^. 4?l HI 3 #£}8S*K134) S! Hi' 4 #£}82!et(1 44)^ HI 1 * 
2}Sget(112)3f 48*1°^ #^sh g^o|o S 0 |^<HS ^ °(c|. 4?| nH a|u)|o|4 38)# ^m*} - cy- ^sjafo) g 

■& ^-ScHI ccfB SJ-E3I misai H| 1 Aj A |oi|# 8S|ShgAH aui|o| h\ ojcK 

shS, e #So)| ccfB B}£*ll oiiaai rfcxmi hi 1 AMlofloj oh^wa, misai ±*\s\ nnn^om ^s^tH 

S.c[ MSSPI ^SH n 4 Se}gaat(144)2f H||A|U||0|4 9|(138) aK>|0|| ^5)^- ^l^(140)0| Ajajxjo S gAjsjoi 

*i# ^ Si^K 4?l ^A|^(140)# ^» ^ 5Ufe #8^2| #-ff sj ^|o(| q|8HAi^ g. ^ S o|| tcfS &h£*ll o)|he| ^ 

2| Xfl 1 AjAjoil^. 4dge>QAH A,U1|*| 4 SI Eh H|- o[C|. 

* »Sa| All 1 aja|oi|(H| me maai ^x|£f o|^7|x|s *r^&^ »x|a«i40W Afl 4 SiJS^et(l44) Afoloii ^#°|o| 
AJii(5i°S TflAfl^ ^£ SicK A} 7) a^e^g zp.AH & - of- SS a^o, ## a, ¥ ^o,| mmMZt S ^®o|| tifB «J£xfl d||he| ^ 
^1 cHth HI 1 8a|01|S Ad gS (.gAi AUi|S| ^gtl- b| o(dK 

A}7|o||AHfe {b. ^iioii ^ B msa) ^x|c»i ma HI 1 aja|oi| 9U ^1 2 8a|o<|# sg§ sso|oi AUi|s|7i| ^gs|«c| agj 

ell, £la3!E lb0l|A| g>£*|) a||sa| ^x|i- £A|^o)| sjcha^ £*jah #e|zi(l20), »IS^(128) S! JHnflAiel^jc) 

^-•^ Sa|S|X| 7fl^o S ah £EA|S|^C|^. ^0|| CjjSHAH^ 0|D| A^og^ d ^ [t|E[Ai 0|o|0)|A|^ £ 1 a E 1 b£| 

(R) M)£| #E1a(120), *IBe«128) S! ?H=1|x|e|(C)£| ?5§ SA|^ S. 2a M|x| £ 2 e# UttM g. ^so|| [£fB BhE«l 

of|H£| ^x|cH| ^u|^ ^ sj- ££ jAj # eh 3(1 20), 7«ea«i28) 5/ ?HhHx|eH(c)s| ^sofl c«a HHfS|& Aj A |oi|5S ac|- AU^|s^ 
?1I 8SS|7|S ac|. £ 2a M)a| S. 2e<>\\M nnM^(C)si £a|^o)| °JcHa^, ?Hnflx|E|(c)s| ^« HSUf^e H^S|x| 

a, k 2 £A|s|-«c|. 

*S. 0|SK>l|Ai £S4 H Ssia(120). 3flBat(128) S! ?Hn«x|B|(c)sJ c|ota £ 1a n, £ 1b0| | £A | g m, 

H£| ^X|2J ^^CH| 2|Z| 51*^ 4> °(C|. 

£ 2ai=- S W90II ofg t!f£4 Haa| ^x|o|| ^ sjfe ^BHa(l20). ^13^(128) 5=' ?Hnflx|E|(c)oi| q|& H| 1 aja| 

01IS HA|S|J1 oj CK 

E. 2aS SSS|g, HiJ£*|| 7|ff(i00) ^o)| gAHg ^| ! °i h| 2 #2183^(112 5=' 114) M|o||-fe. -g^g ^-gjg^ ofl^cH 
S^(104)S £344 #a|a(l20a)7h S^=I«H Si^. £34 #e<a(120a)^ #e|a(200)£| 4^ #^a(202) 

5 ^4S)CH 2i^l. 4? | SRi #sHn(200)fe- £34o| 21^- x|x|*f #^o|oi, 4?l 4¥ #eHa(202)^ £S4«&e> o|qa| M)a^ 

40| ojot^j <g*4o S ygg gxi^g 7|X|^ #^o| a0 | H|1,^S|C|. CC|E|Ai, S|« #E|a(200)^ ESS #£|AJa|S9|o| ^jo| 

«Hf2|om, 4^ #£ia(202)t 8£|x|o| = °|o| ^ol u|.^s|s|.d|. swy, s|« #e|zi(200)-& £§S #£I4S|5^ g 

^aet(W), a&#5t(Ta). ^Nteet(Ru). o|a|§^(i r ), tUgaKPi), 2.±m*HOs), 4a|A|o| = ^(wSi) g^ffi 8i^(WN) 

EEfe o|#sj 5 ^o S o|^.o|^ ^£ Sic|. sg, 4^. #eia(202)^ MS 4£|a|o|h^, e|e^ Aj£|A|o| = et 8£|a| 
o|Ha^, 3# 8a|A|o|H^ 8a|^o| = ^ ^£ sic|. *s|, 4^ #e)n(202)s| ^Ife 50A nx| ioooA a|o|^ 

=r 2ix|g, 300A m*| 500A A|o|g ^jo| HHf5|5|c|. 

4?l m 2 S2}a^et(114) 4<H|fe a*faj-(204) S! ^4^x|a^( 2 06)o| ^^H^ ^gsj ?ll S at(1 28a)o| S4s|oi °[n 7)|g°t 
(128a) 4<>l|£r 3^ 4^1-^(208) §J MIS 4 5^^(21 0)o| ^*|5jo S ?HnHA|ej S|^a=(i 22a)o| g4s|o| XI c| £?t 

4?l ?HnHA|E| 5|^s^(i22a) 4tH|^ ?HnHA|E| -^3^(1 24a) o| §4s|o1 <=1H, 4^1 ?H n H A l^ #39t(124a) 4o||^- nW*m 4 
^S^(l26a)o| S4sjo| aicK 4?| 4*^(204)B ^4^x|^( 2 06)2f a o|e«o| s^^, xg 2 §^8ae|(ll4)3i|s) g^e* 

# S=4A|g 4 s #8^£J 3do| hh^5|s|c|. c£fa|A|, a^ 7 | g*^( 204 )° go|3^et2J 3do| bHj-s|s|c|. a^4^A|°t 
(206)^ 5^ A i ^fS°|(208) 5=' =L 4^ §8 ^ £4 ah #a|a(120a)£|°| A|g - oj- # ^q|o| | u^s|*|. 
cK ctfaw, 4^1 ^4&x|at(206)S ao|=^°J gsf^ Xo\ h^s|S|c+. o|S gcH, 4^e|( 2 04)€- Ti^l 2io| 
«Hf5|S|2i, Ss|^(204)fi| ^|fe 20A M|x| 150A a|o|, oflgjcH 50A 4£°J ^o| n^s|«W. ££^, 4^| af4^x|q|( 2 06)o| 
40|2^a| §£f^°l St. ^4^A|°t( 2 06)S TiN^°J 5!0| a|^S|S|21. 4?l ^4^a|^(206)o| flS^^J «HL^*I^ 
(206)^ lre|a^ Ru^eJ 3o| b^s|*|cf. a^| SM4<gx\ 3^(206)21 500A M)x| 15OOA a|o|, oflScfl 1000ASE£J ^ 
o| h^5|s|c|. S|x|g, g*|^(204) 5! «h4^x|°t(206)# ^4& ^ 2i-£ #8^0| Tiet/TiN2|, Ir^t £Efe Ru^SS eh4H| 
a| e ^S0| ^a 7|#§o|o||AH §4s| x|4« 7|S! x|o|| °|s« 4*^(204) 5J Sf4^*l^(206)£S a|#^ ^ oj- ^oj 
o| Iti 4= 2i#-B §-go|c|. 



4PI ^ £&m*H2QQ)& *WS^(l22a) &o\\ nm\£\ ^3*t(124a)oj|AH; a^o,*^ o|SWc|ai5E *Hggs|. 

°i ^n«A|E) #g°t(i24a)s| ^S^ah ^ Si^ MH^o^ ggsfe So| d^xj^cK trfE^ ^ -£4Sf#s|(208) 

€■ IrO 

2 ^S^ gi^fe u^^cK Sp|oj ( ^ i4SfS(208)^ IrO 

2 *t, Ru0 2 ^, LaSrCo0 3 , (Ca, Sr)Ru0 3 ^t SE^ o|#S>| ^djo^ gggj. ^ £ o| C |.. ^ £W*st(208)s| ^ >4 

*»st(208)« ^ohfe- ccfaW 200 A m*| 800A A^|oj 5 o| u^xi3 hcK oii# #cH, 5^ ^#^(208) 

o| IrO 

2 °|oj g^oil-^ 500 A §£°J S0| H^^Hhdk 

lH^ah ^^o|( 2 io)€- ?HsH^|eH #S^(124a)^fsj ^ 0 | o k ^-s h #fJ°|o^ o|^cHx|-^ #o| M^l ^\M, & 

?\ MIS^ 5^(21 0)€- Pt^HS. 0|^-CHx|^- ^Jo| b^^j^cK o^|o>, M)^ah ^^°t(2l0)-& PtS|, Ir^t, Ru*t. Rh*J\ Os*l, Pa 
^ SE-c- o|S«| ^tJ-°|o^ o|^cH^' ^£ lH^ah ^°|(2 10)^1 ^afllfc Mi^^ ^^^1(21 0)# ^o|-fe ^So« c4^aH ^ 
^a-|x|°}, MIS^ S^(210)£| 1000A Ml^l 2000A M0\2i SO| d^*) ofl# i-H3ah ^°|(210)o| Pt°|oj 

§t 1500 A S0| HHj-si^ch 

^1 7Hnf|A|El ^{gsKi24a)S WIHAiBKc^asi ^r€- *H mi a| E! ^ Ti0 2 ^, Si0 2 *t, Ta 2 0 5 ^, Al 2 0 3 *t, Si0 2 /SiN*t, 

BaTi0 3 et, SrTi0 3 ^\ (Ba. Sr)Ti0 3 *t, Bi 4 Ti 3 0 12 ^, PbTi0 3 ^, PZT((Pb, La)(Zr. Ti)0 3 )^, (SrBi 2 Ta 2 0 9 )(SBT)at S-& 0|#a( ^ 
o|^cHx|^ S0| bHf*|Sfch 

7Hm|A|El A^«g^( 12 6a)B 4iS£ S^t, 5^ SEfe o|#°| 2Eth^S ^ 2i^h SWS}. ^h^^I^ 4f^S^(126a) 

* S^r £MWa«212) » 3*et(214)0| ^x r *lSS 2 ^°l SO| Hff5|^Df. 0| CER , Ap| A^gq| (212 )« 

IrO 

2 °|oj ^o| HWaiSFjl, &K7| Ml^^ 5^(21 4)hB lr^£j SO| H^SI*^. ^x|£} t aj, 7 | ^ 4H*#HK212)* IrO 

2 9+, Ru0 2 5|, lr0 2 ^J\ (Ca, Sr)Ru0 3 *t, LaSrCo0 3 ^ o|«fi| S&etSJ aCH, MIS ah 94*0^(21 4)£ Pt^. Ir^. Ru 
Rh^i, Os^ f Pd^l 5E-^ o|#o| 5 fj-°tS Si^K ^S^(126a)0| IrO 

2 s|nf ir°rO| ^ajo^ 3Hg£j 2^^ 2-?-, Ir0 2 s|s| ^n\\^ 100A M)x| 1000 A A^o|°J So| u^si^jd, | r ^S| ^t?\\^ 400 A 
M|x| 2000 A A^|oJ SO| u|-B5|»|>4. 

£p|SM- ^0| E^o #BHZL(120a)^| #^3(202p r 3.^^. ^a| AhO| oj-gsj- ^xj^f 7^|^ gAjq|o 

s o|^-cHS g^oil-^ ^^^1^(0^^ £24 H #&1a(i20a) a^|o| 5^aH§-o| ^!-5j-£|cH «i£*|| D||sa| 

5E 2b-^ ySo« ccfB oilSEl ^xjo|| ^ Si-^ #^h(120), ^13^(128) S! ?H^a|e)(c)s| ^^oi| ^| 

2 ^Alo^li- £A|S-c|-. 

E. 2b# S-^oFg, bj-Sx-il 7|nf(i00) aH| 1 gj 3| 2 #^3^^(112 114) M)oi|-^- ?ojg^ ( ol|^c|j ^^.^ 

(104)# S^jo^ JES^ #^a(l20b)7} SAH£|cH 2icK zzacj|, £ 2aoi| £A|g #s-|zl(1 20a)4-^ ^a| £ 3 oil £A|g 

#&1zi(120b)^ E+S Sa^SS 0|^-CH^ o(dK 5ESah #ajzz(120b)-^ 7^ OrL^^^ MJ^i^# 7\x\oi g 

efSS SaHS-S ?\x\±r -i-^g|o^ o|^-cHx|^- so| u^xj^cK c^e^a^ ^^ah #^a(i20b)-=- ^E|Afo|^°|oj 

So| tdr^o|-cK o|-x|o} t ^xjAH #E-|zL(l20b)^ *Ja|A^| = aj- f Eh^s 4Ja|A^| = sf f EHhg Aj B | A ^ 0 | H q| aj B | A |. 

o|^°j- £E^ H€ ^alAFol^et^ SicK 

a} 7 | E[°j°|o^ ^AH^j ^3 ah #&jZL(120b) ^0||fe- fl4fBt(216)3f ^^|9|(218)0| ^5j£ § q*sj 7j| ^ °t(1 28b). ^ 

^#°|(220) S! Ml^^ ^^q| (222)oj -^o^ 7HnHA|&i ^3^(l22b)o| g^sj^ oi^ ^H^H^IN ^ 

^3^(1 22b) &o\\ ± 9mM*\ ^S^d24b)^ ^H^H^^H 4^a^(126b)o| $*^o^ sicK 4P| S^(216), 

^1^(218), ^#^(220), ^^°|(222), 7Hh8a|eh; -^3^(1 24b) %± ?H^a|ej ^S^(l26b)S ^^4= #g 

^P-ah oi =77||^ f 5E 2ao{| £A|g S^ej-(204), ^^a|°|(206), ^#^-(208), Mi^^ 5^^(210), 7H*Ha|eH 
#S^(124a) S! 7HnflA|EH ^S^(i26a)s| #^ohcK 

^7|<^ ^0| #2HZL(120b)7t M#H ^ a| A>0| £S|Bf 5E3^ O^U^^^ m^i^S 7hX|o^ ^5jo^ ojgg. 

m ?t*\^: SSsts^. o|^.r^x| g-^oji^. esah # eh; zi(i20b)^ ?H^ A IN(C 2 ) Afo|a| B^i^m 4 s 2ioi D||sa| 

£ 2cfe h^ WSoll ccf-E- yj£^l Diisai ^o|| S»S ^ Si-^ »a|a(120) f ^10^(128) 5! ?Ha»A|EUC)£l ^^ofl CH&^| 

3tJA|ofl#£A| & QK 

E. 2cm S-SSrS, B>H«I ^l»(100) fll 1 SI 2 SZ}§S^(112 S 114) M|oi| E.^^°^ o|^.(Hx|oi #^1- ^gJS^. ofl 



aq| ^SLd± S^(104)# £^|S}£- E33 #«H:2(120c)7} S^£|CH Sich sgAj §JHzi(120c)£- E 2 a o|| Ea|3 
a(200)s>} ^isiHS StJS!- fi D 4°s * ate}, cms #ch, E33 §^a(i20c)fe E9S §a|^a|a^o S g^^- 

B ^'°W. 3?l E33 #2la(120c) 5! m 2 SZ}S9^(114) 4KH|fe E3=}(224), 4|a|A}o| = ^(226) Si «teMP|or 
(228)0| £*}**°s 3j£S ^I3^(128c)0| S^S|Ol SicK 3?| £^5^(224)^ £ 2ao)| EA|sj #aia(200)S} 4Jl!*}°£ 

^ SicK o«s go], £S^(224)^ ESS ^al^al^o, So| 3?l £39t(224)2| ^/Hlfe 3000 A 

41*1 10000A Afo|°j 3o| u}B*l«H*. *Ja|AK>| = e}(226)€- £ 2 a o|| Ea|£ ah=l #s<zi(202)2f ^§s(££ #SJ£} 
g ^ Sic}, oils SO), •ya|Aho| = 9|(226)$ Sim a| a|Aj-o| = aj-oj h}^s|s>c}. agh, 3?| 3a| A|o|Ha|(226)2] ^Hlfe 
300A 500A AJo|°J 5J0| d|ai-*|S|c|. xp| ^^a|5|(228)§ E 2a0)| EA|=J ^hi-x| e}(206)2} AJ1!*}°£ #SJ3 S g 
9*1! ^ SM. oflS #tH, S}3^a|°|(228)€- Ir^e! £0| H}ft-*|^c}. 4}3^a|9}(228)s| ^Hlfe 300A m*| 1500A a]o|°I 

3?l ?)l9^(128c) 3o)|-fe- gsS? #£^^(230)21 4IS3 54?°|(232)0| £x}*}°£ ?HhJ|a|e| s|^3^(122c)0| gAjsJCH 

Sic}. 3?l SHf3^(122c) •yoil-fe- ?Hn«^|EH ^S^(124c) 53 ?H2))a|eh 3^3^(126c)o| $^s|£S S3SJCH. Sic} 3 

?l 3^ 3£}#s}(230), MIS^ e^«K232). ?Hal|A|E| ^S^(124c) Si ?HhHa|e| 3^3^(1 26c)S ?SS ^ 2i£- #1!2}S| 5 
-ff, ^3 Si E 2ao|| £A|g =^ 3£}#e}(208), <-HS3 5^(210). ?H nH a| e-| ^gaj-(i24a) S' ?Hh»|a|ej 3^3-= 

(126a)2f 31J*I°S. §tJs|[i|. 

3?|£} g-oi 7iis^(i28c) Mloii ^a|A|o|H5toif s-oi E33oi sis o|-me| LH-^goi sisoi y§§ g*i 

fi# ?}3 A Ja|A|o|H^(226))o| igj-Eie ssah #eia(i20c)£)- ?HnH^|EH(c 3 ) Afo|a| 5S|*IS}S aj-snj- «r 2icH gfE^I oi|sa| 

^:A|o| *tA}A|^ 4= SICK 

E 2d^ e #S<HI nj« nflaal ^ofl S&H ^ 2i^- £3^ #a)n(l20), ?HH««128) Si 7H=flA|El(C)£| ^oi| c||&x|| 

4 aja|oi|S EA|ecK 

£ 2dS S-S5|-g, b_l-E*|| 7|e(100) x|| 1 SJ x|| 2 12 5! 114) M|oi|^ 0|^CH^|d^ ^ojw^ 

oilmen ±Sl± «^(104)S sejsh^ ES^ S^n(i20d)7| ®gs\o\ °!c|. zia|s. #El3(120 d) Si 2 §^}S^^ 

(114) ^ofl-fe. £2 °|o S o|^.CHS ^IS5|(128d)0| gAjsicH ^7 1 ESAj #sia(120d) S' ^I9^(128d)-E E 2aO|| £A|S 
°y" *a|a(200)a|- *J^5j°s SBI&«9mi 4= Sic+. oils #o|, ah #s|a(i20d) Si ^ISs+(i28d)^ ESS ^a|^a|$ 
°J-oj 2j„| BUf^sid. l£*k £as|o £ o|^.o)5! a^7| ?||Sa|-(i28d)a| 3000A M|x| 10000A Mo\°\ ^jo| u^^«H4 

a^7| ?f|3°t(l28d) A^o)|fe ESAjol ojs ofu|a|, uH^ah o, S5j o S oj-gg. gxlfhg 7|x|fe #^°|o S ? |fnflA| 
N S(-"S^(122d)0| gA^sjoj ojc|. ?Hnl|A|E| s^S^(122d) ^o)|-& ?Hn||A|E| e|(i 24d)3t ?||n|| a|e! ^«g=( 12 6d)0| $ 
xpajos SJcK a} 7 | ?||al)A|ej s^S^(122d)B *E 2 a o)| EA|g a^« #s]zi(202)£f AJ^^os #a!& S-SSfSj 4= a! 

z-l oils #(H, ?H fll a| b\ S^S^(122d)S S^-S 4la|A^| = 9to| gjoi HWS|«H4. SEO, a>7| ?Hafl>-IN s^a^(122d)2| 
500 A M)a| 3000 A a^|°I 5J0I H|.&a|»|.c+. ^7| ?H=HA|e| ^S°J-(i24d) Si ?Hn(|A|Ei 4.^S^(126d)S ^ a!-^- gfj 

^ a, s 2a oi| EA|g ?h=Ha|eh ^3°|(i24a) S' 4^3^(1263)2} ^§s|2£ #^S|cK 

4}7|2} I^o | ?||n||A|E) 51-^3^(1 22d)o| -^a|Aho| = g-s- e^ah 0 |-l_| s.|. l||ajs^ oi gjjo^ oj-g*!- a *\ Q§ 

?m ^^s|S £So #sia(i20d)£f ?H=«a|ei(c 4 ) a|o|°| ssjxi^s ^ 2i(H ^E«| miaa| ^of§A|^ 

Ef S.^a| S ^ o(cK 

E 2efe ^ ^?30)| ccf^ e>£E*H| D)|S.a| ^o|| affS 4 s E3^ «ai =1(120). ?IISet(128) S' ?HnH^I^(C)s| ^2CH| cfl°hx|| 

5 ^JA|oi|S £A|Ocf. 

E 2eS SiSSFg, &iE*)| 7|=(-(100) -^2) x|| 1 S' H 2 ^8^^(112 S! 114) M|o||-b EiSJst°S o|^cHx|oi g-^-g- ^ojg^ 
oimm i:£A g^(io4)S se|s^ ES^ #e]zi(1 20e)?l S4 H £|&I alciK E3^ #&la(l20e)^ E 2aofl Ea|S #e]zi 
(200)£|- 4= Si^K oils S<H, £.3 ah ssHzi(i20e)-=- £93 SaltjalS^SJ 5Jo| H^s|Shcf. a} 7 | 
E34 #EiZl(120e) S' ^ll 2 #^§^^(114) ^o\\^ -6Ja|Afo| = °|-(232)2} ^3^1^(234)01 $^££ ^13^(1 28e) 

0| §Ai£|0] 9Jc[. At 7 | -yal Aho|^°K232)-& E 2a0|| E A I3 4iY #^zi(202)£f aj^?£|o S s^sj. 4, ojcK oils S 

CH, a J£|a^|H5|(232)€- ia^m ^JaiAjolseioj ^o| ufv«|«H4. Aja|Aho|H^(232)a| 50A M|a| 1000A a] 

o|°l so| HHfS|*HiK 4p| 4|-/4^x|9|(234)€- E 2ao)| EA|g ^3^1^(206)3} 4!I5|££ #^ei ^ Sic} ofls S 

CH, 3^1 ^3^l^(234)iB lr^£j S0| u^5|SfcK 

3^1 7llS9+(128e) 30II-& 5^ 32}#5t(236)2} MIS3 3^(238)0| $x^£g ?H n|| a| e| o^3^(122e)0| g^E|(>| 

a a|n, 7HnH^|E| ^3^(i22e) 3o)|-fe- ?Hh||a|e| -^3^(124e)2} ?H^a|e| 3^3^d26e)o| ^*|-5jo S gAjsjcH sic}. 
37 1 33? 3^}#5|(236), 5^(238), ?HnflA|Ei #3^(124e) Si ?H nil a| e| 3^3^(126e)S ^3«}t g^^a| 

^3 *' E 2a01| EA|si ^ 3^s|(208). Ml S3 3^(210), nn*\*\ ^3^(1 24a) Si ?Hh«a|e| 3^3^(126a)2} 

3?|2} S"0| 7lia^(l28e) M|o|| i^-e Aj S | A ^ 0 | = q|^ qs. jes^ o|q2| u«32}3 S' 2}Sai a^&S 7 13 £ 

Sej-ol ^b|£|^ E3 3 #e}n(120e)2} ?Hn« A leH(C 5 ) Afo|°| S^l^lg-S £}S}# =t= 2icH gi>E*l| D)|aa| ^ty 

o|S}o)|A^ i^oll c4€- e>E^I mi Ha| ^x}2j xi|s^aoi| qia- biaj-xj^ aj A |oi|#s a^5i ESS 3SS|o| 3^I«WI •ags} 
7|S 3^1. 



£ 3a 41*1 £ 3jfe •& #23oi| [£f^ bj£*|| oj|sa| ±x\ sil^Sofl cj|» xg 1 *JA|ofl# £A|»c+. 

£ 3a# Sh^S, £hfE*l| 7|&(300)^oll ^^&l^(302)# frgg9*# §°|a g-gg^ a^j eg xi^eJCO 

# S^&cK £P| ^x^a|5t( 30 2)B g^S, ofl^q) £a^(LOCal Oxidation of Silicon) g§# ^fSo^ £ah & 4* 2J 

Q K ^xf-^-ai y-aoil S^9^# S^j oh^ :£*l&a|°t# S^i* <^£ Sick Hgxi^iHCDfe, ^ ^1 

o|Ai(304)# 7hx|a| 7j|o|»= ^oj°t(306)0| TilxHS ?||o|M S^(308), £afl£J 3^(310) 5J :££^ S^(312)# ^?b| a's^IS^ 

n chS, #^oj m a# A^^o| ^9 #£Ha(314)fi+ ul^ajoj ^nHiE(316)# « 4 Chef. ^, *il 1 S£}§SSf(318) S^ofji, 
*il 1 S£}3S*t(318)mofl e^Hx|^Ejo| Ha| |oj gq(3i4)S S^joh^ £jg #&1a(314)§ «g»cK ^*H, A^l ^zjggg 

tSB*M>1 "^JS^, <*«EH H&i|o| S^(310)S in^A|?|^ 7H^(315)# A} 7 | 7H ^ (315) o) uH^# OflS 

m £99 #a|AJa|^°fo^ aima-cK o\o\M. ^9 #^h(314)^o|| b|e a ^i ^nflH(3i6)# gAHshcK ^, £S^i, ©flScH £ 

afoj sqii}|c(3i6)# S^S-cK aa|2L l-w, b|^oj gii|*H£(3l6) &o\\ n] 2 ^(320)# S£»ch 

*il 1 SZ>aflet(318) 5=' *i| 2 #£}§£°|(320)-E *Ja|s A^qj aJe|^ ^SHJsl-St, B SG^, PSG^t, BPSG^, TEOS^. 
TEOS^, PE-TEOS^t, USG^" 0|#°| 3^0^ ^ oj^. aa|JI, xfl 1 S*HBflst(318) «| 2 S£fSE^(320)^ Wajoj 

oil am cvd«h, lpcvds-h ££r pecvd a**kx §ah^ ^ 

Til^tHAH, ARU AjZ|^§ s Ey X |^Ej(T)o] S^(312)# i^A^I^ 5*j§(322)# *i| 1 #^39^(318) SL' *H 

2 saaa^(320)mo( g«&c}. 

£ 3bS S-5Sohg, Saj^oj bjgo^ ^^#(322) £S^o^ oHB^al £3^ #HiZL(324)S S^ehcK oi|# #oi t 

st# a^^ ehsaq 7|^(300)fiJ SSoji SA^^j. ^ s|-*|-7|7fl^ gof^g ^ oj|x|^ij Af^^oj 

S| ^IS§ ^Hl 2 2^(320) °| A^ 2 gjif aj^^jo^ sji^j^ «S4*HH 5E3^ #^Zl(324)# §ah^ ^ oj^ 

^7| £S4 H # BO (324)-^ £99 ^a|*ja|^°|o^ gAj^ b^^QK n*\<LK ^7| #&jn(324)^- £99 §a| 

^£15^1, §^B!^(W), e«Saf(Ta), ^EII-s^(Ru), o|a|sa«ir) f £^M^(Os), yi(^°t(Pt), ^a|AFo|H^(wSi) t 
^E|A^| = °t(CoSi). g^ri! Ssf^(WN) £^ o|#o| 5|f a 4£§ ^£ 

AJ7|&H>0| ^^^(322) Ml oil 5ESAH ^^n(324)# S^gj. dj-^ f ^.£411 7|e(300)sJ ga§ Ha|#a| a(precleaning)S-c+. zl 
9 £S£j #e-|a(324)a| A^goil §^9 x^^sf°|^ *H o^cji, #bhzi(324)7F £99 #a|^Ja|5aj-oj a 

^oj|^ ?^§§ 3«Soh7| ^|§H W£*ll 7|^(300)« §7|^ Jif§ SE^r ^7| nalgaiy aifgoilAi £3 ah #^a(324) akhi xf^ 
Ajsfqj-ol «4jgch ctfaM, ^7| xjg^et BJE*I °il£a| S*W7| a^a^o| # xi)7l 

ofe §Sf ^l^ohJl LfAi ?^§§ SSoWl 9^. 

^lijo^^ a^7| #a|#a|y# ^Ja|^ ^ ass- a^e||o| uh^^i 7|g- sg§ o^q] i3.56MHz£| hKI£ 

(RF)S o|*^o| #a|y a-cK zi^S, ^7| £Sah #ehzl(324) &o\\ s^si x^a^oj-oi 3EB7facK ^7 1 rf #a|9-s oisi ?w 

U JS£5 ^A|g- ^ a°M, — ^1 E H c! M)oi|A) ^oi- g^oil 7^9 ol-s^ o|^( Ar 

4P|S4- #a|y g§§ ^l5[0j ££jA2 #^ZL(324) ^^1 X^a^d|« ^|7ia c^, p_K£*|| 71^(300)^1 S3 oil jigg 3 
^^(326)^f IS SE!-5|^(328)S ^*^o^ gAjs^ av 7 | ji-g ^°|(326) S3 S&^(328)& S^^J ^S, ofia 
VI ^EHU^B £^ CVD^S# A^3|-oi §ah^ ^ o|cK a} 7 | £Sah #aizi(324)# £99 #a|^a|^°fo^ gAH^ a °cH| 

^. ^7 1 H§S ^^^1(326)^ ^a|A^|£2f§S0||Ai £QAH ^EjZL(324) ^*ko^o| ^a^ah 0 | ^o^1 ^a|A^|^Sf 

^Soi|A| ^a|Aho|^sf sjciB^ ji^oi|AH ojgsj A"i§- ^AH t qi ^ gxm# 7^ ^ #S°|oj 2|o| «Hf5|^cK ccfa} 
A H , ^7| 21 §S 5^^(326)-^ ^^H5|£^ S^oh^ 3d0| b^^^cK ^X|o>, Jl^S ^^^t(326)-E ^S^t, B|E^°| f 

^, o|-nfe°| £^ HB^t°^£ §ah & 4, a^7| £SA| #BHa(324)7F £99 #a|^a|s°|o^ gAjsj g^oii, a^| ji§ 
S ^^(326)-^ ^ ^Ja|A^| = £f^o||A] ^b|a^|h^£|^ §ge+o|ch c^ajAH, a^ 7 | jigs S^^t(326)# a« 

Oil-C" Aj a | A ^ 0 |HSj ^§0i|AH §A^§^J 1 X^ ^ Aja|A^| = °tO| JLSjShOi #-&a ^7?i|^ §A|Hh^ 5J0| Hj-BJ-X^^ ^ 

aW, ^^^(326)^ 50A 200 A a^|o| ^ s §ah^ ^ 2ifec«, b^x|- W |- 13oA g£ o| g^gj.^ 

^7| fig §Eh^^(328)^ ^a|Aho| =Sf ^§ oil AH :n§g 5^^(326) ^oi| ig 7iS7|(surface roughness)7^ ^sj^ 5 

g ^Xl^^oj oHBf, AJ£| A ^|£^ ^SOi|Ai >4> t 7^ 2 §g ^n|( 3 26)# #alfoF04 ^AH #B<Zl(324)^ ^oh^ 3i 

fls^ gAj^- 3do|ch ixfBW, «a-^et(328)^ E|Ehfe S^(TiN)^^. S^o|-^ b|.g-x| S ^ s 
S «BW(328)« 50A M)x| 150A Mo\2\ ^^\^ gAi & ^ &x|d} ( 100A S£s| ^;?||^ §ah S |^ ^j 0 | u^q^. RF 
#a|y gg, S^^t(326) S^SS S! 19 SEh^(328) S«§S§ oil sa| ±:x\9\ xi|3SSS #o|7| 

£ 3c& S5^g, A^7|£f ^o| 2§3 g^^t(£ 3bsj 326 SfS) 5i 19 §^°-t(£ 3b^l 328 g^gi- jigg ^ 

^^(£ 3b^| 326 £3£ #^a(324) A^|oi|Ai ^a|Afo|HSf #^o^ s^a| gg# S*9&c+. a^ 7 | s ^a| g 

a^a| va| o|^oiA|^ 501 b^xj^cK ofl# #oj, fEg^ #aizi(324)§ ^a|Afo|^^p| fj^ ^7| ^ 
0||Ai ^ SgSFs) 400 "C M|X| 1000TC A^|oj s rE _ t tH^t[7\\^r 480 *C S£^l &£0i|AH 90S §£ >JA|S^ ^ 



o| uh»a|«tct. #§, 5^ Sxjai 5So|| oj£h ^xHa| gA^^ xja|A^|H^aj ^|o|| ccf^AH ^ oi^ 0 | 

SxHa| ggo| 2§S ^ofe SJ*K oflSPi 3W7f 5ESah #eHzl(324)S ^ah^- ^ 

Aja|£ S*H3 "|o« uja* ygoMi gcK ol^oj. s ^a| g§o| camx| Til^gcK gxjai ^9o| ^sjn 

§aia(324)a| Aj«oi|-^ m^AHoi jigs g^o| ^s|a^|h°|o| g^s^i gch a 5S|*(322)e- s 
2^-^- o|^<HB #&iZL(330)fil- Jl§S g^°| ^a|Aho|H^o^ o|^cH5! a*j=l #^n(332)^ *H*|x|t« gch o«§ ^oi 
#*Hn(324)7} £9S #B|^B|^°|o^ o|^o|x|ja, g=a?°t(5E 3bsj 326 S*3S)o| S^HStSS. o|^.(HS g^oi| ' 

^b|am>| = ^ ggo| ^^^(330)^1 o^oii-^ ess #a|^^i5°|o^ oi^-c^g shs* #EHn(33om 

5Eij^ (3 3 0) o| a^oii^ =aws ^a|AM = ^ss oi^chs aj« #sizi(332)7F g^gch 

^7|£f ^0| ^B|AtO|=^-gS# =r=^oHl 14 AH, ig g|.^°|(£ 3bS| 328 S^) &' ^ £| AK>| = £fo|-X| o[l|S 2§g g^°| 
(£ 3b^l 326 S5)§ a>§sk*| xi|7iS-E^. ofl# #c>i, IS ^^ D 4(£ 3bsj 328 SL» ^a|Ajo| =Sf^x| 

H& ^2§a 5^s«fE 3b£) 326 21 a^ g^o] a^^o| *i\?j*£ 4 s 2i^K nH ©ra^fi 

iH*H c*a| ohHH 650 'C S£oiw a*|a|»ch oflS #oi, ygsj.^ ^ gjt|a | gs o a ^ «^ 7j shoi | A ^ o| 30 

Ap|s* ^9^1 §oW £Sah #^zl(324)sj a^^i - ^a|Ajo| = °fji|. 4Ja|AH>| = 5tss o|^(H3 

#^a(332)7f §^H|ZL, *p| a^« #aia(332)^ £^ gtujgo^ A[&S\7\\ gch £*Jah #&in(324)Sj A^oi| gAjsj - aj« 
#^a(332)°| ¥-^1-^ 30A 1000A Aho|^ ^ Six|o>, 300A Lflx| 500A A^|o| u|-a^^QK 

£ 3d# S^ohg, a}« #E-|zi(332) S! ^| 2 §2}§£1K320) ^o|| 7^|g°|(334)# §ah^ ^x-||^o^ ^a|3^|-^ SHtt^lE!" 
71|^5|(334)^ £^*|o S gA«B^ go| «^3|3hQK 

A} 7 | gsj-ef^ H^JAH ^EiZL(324)°J #EHzi(332) 1» aH| 2 #^3^^(320)^ Aj0| s| 8teW?|7| 

01 S^oh^- S-Ssto|cK ctfaH, S^^-E ao|^°|, oflacfl Ti^ls^ §ah^-. h^^^ck ^7| 

S^ol-oixj o|-^ *^°)-oi| ccfa^ Sa^iai^iei, 10A m^l 200 A S£°j §a^^ ^ 0 | un^^ch a^ 7 | g^n| # 

Ti^lH^. §ah^ g^oll^ 50 A S£5J ^7>||^ gAHsfe. 2jo| b^^j^cK 

^7| ^>4^A|°|-E- 7||a°t(334) 4^0i| §ahh| - Til S ^(334) ^o|| g^sj £gM #^zi(324)7F f^§§ 

^ 2fSo||Ai ah^ "h#3h^ ^# S2} oN£f, aj-a. ^.o)7 1 oil ah ^^§CH|AioJ ^>4o|| o|^ £*j AH gsizi 

(324)^1 Ssf# ^l&cK ee^ah, ^^l^-E- o|aja 7|-^# ^ tsefos a0 | h^*|^c:K o^ch, q 

a#^|ste Ir^tS^ 3J0| uW«|^cf. **. WWS Ti«t. Ta^l, W^, Ni^, Cr^l. Ir^t, Ru^t, 0|#(Ti. Ta, W. Ni, 

Cr, lr E£^r Ru)s| ^^^(Nitride), H#^(Boride), e^(Carbide), ^a|Aho| = af(Silicide) 5E^ o|#oj ^^°|o^ ^ah^i- 
£ 2i^K £E&, «^gfx|sts Ti-Si-N7i| aKfrSSf, Ti-B-N7j| ^t^#^, Ta-Si-N7j| «»*st, Ta-B-N^| WSSf, Ta-AI-N7|| 

W-B-N7II SfSh&at, W-Si-N7i| Ti-AWI Sf&#5L|- Ta -AW| ^th#^HS S4 H tx£ Si^K 

^ S^ohfe #s°|oi| ccfaH a c^tii - o|x|nf 40 A M|x| isooA^J §ah^ h^s^ ^ 

ir^H^ a^ea*o||fe 1100A ^IS S^s^^ol uF»s|«hcf. 

7ilS^(334)S gAHsj. 7j|g°| akhi i3*t(336)# S^eh^K ^ £3^(336)^ >4sf#^aif l«^ah g^s^g ^ 

^7| ^eto|aj ^ci b\e. £S^t 7^ ffo} ofu|af ^^^Soi|Ai £3^(336) ^o|| §ah£|^ « gqt 

(338)o||Ai >4>v o, xh7h oin-shcia^ y±^xff ah g^eHg ^ xi^ «^3|^cK ctfaH ^ a^ s 
at« IrO 

Ru0 2 ^t, (Ca, Sr)Ru0 3 ^, LaSrCo0 3 ^ o|#°| S&efo S£ gggj. ^ oj^ a^ 7 | g^ a^^.o|« ^§j-7|a^ 
SAj^j7x|- 3^ ^S^ofl itfaH ^ SicK g^ IrO 

2 ^0^ gAH & g °0|| - ^Eig A^o|^ 30| O^^oUlK g^ A^^-q|o| gAi^Jl^ °|0i| LEfa^ 

aa^l^XlO}, ^*f*SJ-£ 100 A M|X| 1000 A A^0|°l ^^i|^ §AHg- ^ ol C|- ^ A|^q| # |rQ 

2^-0^ gAHgj. g^o||i=. 500 A ^;?i|^ gAH^ 50I u^^lol-cK 

axHa|ofe g^ A^-njo^ gAj S |.jix|. #^°toj| EitafAH aahgcK g^ IrO 

2 ^o^ §aj^ g^oii^. 600 'c S£o]|ah a}7| gxjai ^USte ^jo| HHj-^o^K 

^7| m^AJ g^a|-& Oil AH £ESSt(336) ^0i| SAIsJ- #aq| (338) oJ ^gAHAk- ^ 0{° ^Dj OfLjEf, ^ 

S^(338)# S^^Til AH^A|g ^ OJ-^ # ^q|o^ ^AH^ ^0| b^Aj^cK ^aH, MISAH Pt°|0^ gAH^f.- 

3hX|D}, MI^AH g^SJ--^ p t q| f | r qf f Ru °| ( Rh q| t Q S Pd^t Sfe 0|#O| ^f^°|0^ g AH ^- ^ £ o| C |. AJ 7 | l|| g 

^ g^^e si-^71^ #a|q axf§ ^E)i ai|o|xn A^sm Sah & - 



ofls #<H, Pt*t££ ggg. S^oi|^ ^jqeig Afs^a* ggs^. 50 | ultra «tch l|^ah g^oj 

*l S«oUx| sh^ ^iJsfoii aja^ Mia^ 400 A m*| 2500 A Mo\2\ ^ s S ah & ^ o.^ oj 

S mo\, MIBg S^sf« PtstH^ g^oi|^ 150OA S£s| ggs^. 5 o! t*t«ra*H4. 

£S*f<336)# iWlfe. £3^(336) *jo|| #S^(338)# ««C>c}. ° a q |(338) ^ Ti0 

2°t. Ta 2 0 5 ^ Al 2 0 3 ^ t BaTi0 3 *t, SrTi0 3 ^, Bi 4 Ti 3 0 12 ^, PbTi0 3 *l\ $\0 2 *t, SiN^f, (Ba, Sr)Ti0 3 st, (Pb, La)(Zr, Ti)0 3 *t, Pb 
(Zr, Ti)0 3 5t, SrBi 2 Ta 2 0 9 *t EE^ 0|S°J S»afo S ggg. - oi^ spioj, ^gSOflA) gA^- 7H^a|e^o| §S §g S c^- 
£> fc ^A|7|7| ^ofo| ^*j^(338m alSa^iai" £Efe ?HfS*«etS£ gAH S |.- ^o| uff^l Sj-ch ofl# #oj, Ap| ^£J°|(338)€- 
PZT*t, BST^t, PUZT^ £E£r 0|#°| ^°|o^ §AH Sfe b^i^cK ^g°t(338)S- S^oj g^j. ^ SUfccl, 
*3*t(338)S gg*PI ^|o^ ^l^joj ygoj AjB|« A^|cH|Ai #3*f(338)H^. ^Seh&SafSl @.ffo(| ofaW Ba^ch -ff*j 
^(338)# PZT^tHS g^a-g^oil-fe. §^ (sol-geD^SS >4**h0l g^ofr 30| bj-av*] S^K £o[ t ^3^(338)£j gA£i=^|- 
^3^(338)^ S^ofJlx[ #U^oi| [£faH SEWa^le}. ^3*t(338)B 500A Hx| 2000A2] §ah^ # 0 \ a[ 

^ oW. ^3^(338)# PZT^H^ «ah & g^oil^ 2000 A §£S| g«*fe- #0| b^xj^cK 

*S^(338)e g^sh Ol^dl-^ >4^^7| S 600 - C Ml*! 900 °C Aho|°| s^cH|A) S^at# #3*t(338)# PZT 

gg» Spoilt 750 "C S5E0||A1 a^ 7 | gajcLl ^»»ch aBig. a} 7 | a^a|o|| sj^ol -ff3^(338)0| SiJSH*i ?H 

*Ha|eho| ga^afol 8^s|of, 7HhHa|&|o| ^3-ff ^£o| «mgch SfS, a^«.^ 7 |oj g^apfr *JA|sp| aflsoll, a*^ £ 
3^ #h-|zl(324)^ «|-fcm ^ ojdK ^A^ X |qj. 0 | s ^s|ch ^|g°t(334)^f ^a|Afo|^°|o^ s\ m~ §^ 

=2(332)71 SSAH #BiZL(324)S| a^o|| gAHs)^ oi 7 | CO) -S-CHI , £SAH § EH ZL(324)^J o^°|o| 3^ #^zi(330)^s| a^^aj 

^S9|(338)# gAH & c^oi|^ t ^Q°|(338) ^o|| ^ SS5|(340)# S^&cK £S°|(340)€- MIS^ g^sf, 
*l**t^ RuO 

2 °|, | r o 2 ^, (ca. Sr)Ru0 3 ^ EE^r LaSrCo0 3 ^^ ^ 9lc[, ah* Hg°|( 3 40)-& IrO 
2 °t^ | r °|o| £^0^ 2 ^^IH^. ^ o°f"c ^do| h|-b}-xi^cK irO 

2^ #S^(338)SS^eM A^o,xp|. olih^ AUg^eH S^K &S. £3^(340)^ S^^^ ^ 

°|o|| cLfahAH §AH^| 7 f SBW 3l^| □} t a^ £S°|(340)-& 500A M|x| 3000A Aho|o| ^t?J|^ g^^- a0 | «h^o^K a^| 
a}« sg°t(340)S ^ A^^q|2| g^q^oi ^^o^ 2 §n|o^ §ah & g^-oii^, ^ A^gsi^. «J00 A m 

1000 A M0\2] ^7}\\^ gAH^Jl, Ljl^AH g^qj^. 400 A UHX| 2000 A A^|£| ^77||^ *un^ 5 o| b^xjs^K a^ ^gqf 

(340)# IrO 

2 °|aif ir°to| ^a^o^ 2 gAH^g^oilfe ir0 2 etS 300 A §M ^^ll^ g^ohJi, ir^-B 1200 A ^| 

£ 3e# S^o|.g, ^|Ssj-(334), £3^(336). ^-a^(3 38 ) °j m« ^Ajq| {340)# uji^y^oj 7j|S °| nfl^ (334 1 ). ^nflA|E) 
o^3^(336'), ^H^^IN #3^(338') 5L 1 ^H^H a|e) a^2^( 340 ')s z^z| gAighcK ^Hb«^I^(C)# §£op| ?|» aj 7) ^Ejy 

aTflfe 1S|o) Ajz|g S o^ ^ £ 2flO|A^o| AfAj A|z|^ S o^ ^ S ^5E SicK 7|| HH A| E) (C)» 2S|S| A^ aj 

^§§2^ 8*3 S" S*. flAH AV« £AjD|( 340) g u}| ^ y o|-0^ A^ a ^( 340 .)« gAHQ.^ a ^aq|( 338)> £ g a| 

(336), ^|^^(334)# s|E|y«H>1 ^H^^lEd ^S5t(338') f o|-^S^( 336 ') °. o| ^ (334')« g^SJ-cK 7|)nJ|A|E|(C)S 3«|s| 
ARE! ^^§§2^ g^&S^oil^- a^« £S°|(340)/#S st(338) % ^aq| {336)/7l jg o| (334) ^q\\ 0\c>\Q\ g7H2] A^ 
•N^I^Sg ^IBm ^£ ^ £a^(340)/^S^|(338)/o|.^ £*j^(336) %} ^|^°j(334) zt^+oi| qj^Oj <g?H°| A^l a^z| 

E3fl'£ 3g# S5Hfg, a^]^ ^ 0 | 2S| 3S|a| a^i ajz^ §# 7H^H A I^(C)# g^^S, 5E 3e<H| £A|g ^aif 

^ Sa| nnA\B\(Q)B\ H^Hf^^ 7ilEfgs| ge«s 7H! ^ aicK £ 3ffe 2^|2J a^ ^*S^oi ?Hd«a|e|(c)# 

gg& £A|fi. £ 3g-^ 3^2| a^ Ajzj^gg ^*s§|.oi ?H^a|ej(c)# g^& £A|^ ^o|cK 

a*7|S^ S-0|, 7HnHA|Ei(C)# gAHfi- cir#0i|^ ZL 450 "C Ml^l 600'Ci A>0|*l %l &± ^7| SKH|Aj Sxfai^fe ^ 

ol|AH ^U-g ^av # fi|^A|a ^ 2icK ^o|, #Eizi(324)°| a^ #eHzl(332)# 900X^*1 S^2£ 7|- 

a AJa|Af0|^°|O^ gAI^ £ES^(336)# ^ofe A^gq| a, ^Aja^( 338 )- gAj^j. ££^ ?f) 

^a|eh(c)# gA^gh ol^oii ^ibsi^- 600*0 o|ajoj 21 s ^a| ^§oi|Ai 7dm|A|EH(c)£+ #aja(330) Afo|o| aEjjxjgo) ^ 

&S, &o| ?H^a|eH(c)^- g^ohi «d o|^o||fe ILDgg. IMD^S, n|)A|bi|o|^ ^§ #o| SIS£)-^ 5o| ^«^0|cK ziS 

til, o|cH&g*J#o| S«s|fe m2inm*\*l ^S^(338')2| ^a^Ajol 2i^K ^, ILDSS, IMD^S S nHA|bj|o| 

^ ^§o| #£K>i| r^^7 ^(hydrogen based gas). <M|?jcH ^^7f^7h 7HbJ|a|eh ^a^(338')# SSfA|^ 

*r Si^K c4a r Ai t 7H*|A|Ei(cm Si^U tJ 0|*0|| ^ISSfe gS0l|Ai 7HnflA|EH(C)# £|^ S-SH^^Ei ^7| ^««, ^Hifl 

^IEH(C)^ S-m^ 7|^ahd| # gAH^ cK oil- ^|«H ^ ^goil Dj| S a| ^ 7Hh«a|e](c)^ SfMffe cF§°|o 



^Hdl, c^°|o^ ^ahsj a^*t(EL)€- 7H«|a|e1(C)* o S «e| fl*H 7|^-# ^«th ^ oi^s 

S^ofe- ^o| eJ*l, ?H^A|&i #3°t(338')s) fiu-S 8J*I*H>10| ^, 7Hh«a|ej w2^(338')# PZT5|, BST*r 

nHS0|cK as|Jl, a#SfsKEL)B ?H*«a|ei ^3^(338')^ <H2.9\x\ °£o[o\ »ch a^£f^(EL)B *^o|fe 

Sol|A-i ^ ^^7^7F 7||h}|a|eJ ^a°|(338')H^ ^rt^r-c- 2J# ^ SJoioJ gl-cih o[l|b[, ^ S*jg 

(338')£>^. ^ofe ^# *hEF& ^ SiCHoj 

ttfBW. * 0**m<EL)» a«*h5|. •^fjatsf J&SL*t# a^°t(EL)# oPI°il*l, ?H 

nHA|El S^^l-E H«ISSo||/H ^ ^^7^7(> 7H*HA|&j ffS*f(338')^^ ^oh^ 7|-^# ^ ^Sfich 

zle]jl, s^-gete ?H^a|eh asstMct °J-^o|| g^cn ss|-gatsl o^ofl g^Hj egs^ 7H*Ha|e] Ml:°|o| ajs «[§sfe 
2!# SMSfe 7|fc ?H^A|Ej ^gst(338')s| $|ty-»x| 7|^# ^IHthtiK mB, ^Ho|fc 7|-^oi| sioiA-i 

7HnHA|B-i jasste ^o|^ SUxie}, ^7|oi|Ai i^ggt 7|-^## *j«=i ^ g-s. &s 0 |cK 7HnHA|EH fii^ 7|fe 

oil ch«||a^ ol^oj) AUi|^l ^j^opl^ ekcK 

?3#^(EL)# c|^o^. §ah^ a o f c^oif ao| flftsm(EL)* ^h«a|e1(c)# a* ^ 2icK ofl# #cH, 3#*iH 

S o|^cH3 Hft«et(EL)s| 3¥, S*^ Si «lfl|A|E| ^a^ ^^a|^i a#^^(EL)°^ ?H^a|e<(c)# a 

SicK zleIji, 2#^^ ol^-cHS a#^(EL)s| g^, #a|?j°|iLf ^^a|eH Miq|o S a$^(EL)HS 7HHHAI 

N(C)S SicK o|*ia. a«*fst(C)a| ^ S! a e cf^7| SSI ^ gi^K zieli-K ^ol^ »^asf3Sf ?Hn« 

A|E1 Mt D -t§ a&A|7|-fe S0| d^xi^CK 0<7|Oi|Ai *\£A\?\J1X{ Sfe ?J^Sf°|(EL) 5 go| g^AHg g« 

31 hoi SSS^ot m-E #&o|cK 

£ 3h# S-^ohS, ^ ^gcHI txf-E- Dl|Ha| xiI=E«^o| xi| 1 4JA|oflo||A-lfe ^#^|-°|(EL)# 2 Stificf. fl^, 

?H^a|eH(c)# »6fSe«342)* BhEH 71^(300)^1 Sflo| aa|a i4A| t #^^1(342) 4W| ?Hh|)a|ej 

(344)# §ah^c|. #^^^(342)°^ gAH^- S^°t-s #54£J°t(342)£| 7|^# 22^^ Aj^^cK «^3|^7i|^ 
(342)-E TiO 

Ta 2 0 5 5t, BaTi0 3 ^ t SrTi0 3 ^, Bi 4 Ti 3 0 12 ^ SLtt PbTi0 3 ^S^ ^ o| cK &Q> #^^^(342)3^. S^s^xf 

^°|o| AjE*joi| °KHAH, 7HflHA|Ei as9t(344)4lf y§§ of- =^ o|g AjEjj S |.- «|-^^K ^W, g^?J^ 

(342)# ^^op| flS ?h^«a|eh ^SO|(338')^^ S^g. #^°|o| g^oil o|^cH ^o| Hfa^sfuf. 

o\\m »CH, PZT^I, PLZT^ Jl^-S^l^ ££-^ ^#a*i|°J-o^ ^H^H a |eJ ^-2°|(338')# §ah^ g^oi|-^, TiO 

2 ^o^ M^^°|(342)# §ah^- a0 | UWq«F4. ^7| #^gj^(342)5j ^|^ #^?J^(342)0| ^JSfe 7|^, W^&H 
(342)^^ 4!9|»«asfS| #S JlEioFOj a^&cK ccfEH, #^?J°|(342)^ 50 A 1500 A a| g^ofe ^o| h|- 

#^U^(342)# S^^pi ^£^xfl5|o| H^o| A j Elj- > A^ 7 |cH|AH L4fl0*9Btfi| #^0i| CC^B^A^ • 

^«e«342)as Si^ g^o|o^ uhS^zt^o) *gBto| cifaf, *^get(342)fi| ««a| 5J*o| «o|S &So| *i7| 

nJS0|cf. «Hf^|oW|fe, #N-fJ^t(342)^ ^^7|AVg*f( Chemical Vapor deposition)^, #£|^ S*|(Physical Vapor 
Deposition)^, (Sputtering) S-^, S^r# # ^(Atomic Layer Deposition)^ b{|o|^ §^«»-a(Laser ablation)S 

^§oW §ah & ^ oj Cr o r x|o}, #^S^(342)# TiO 

2 ^0^ gAH&3^0l|fe A r §§ r 0i §AH Sfe ^ 0 | £Cf U^S)^. ^ ^ g gjg 0|Sjo| «^ £ A r §^ 

^n|Ei§ A r #3 r oi Ti0 2 ^« S^a^(342)s^ §ah S g ^oj| t E^#s, ^fl^S 7^ g yg7 r ^sfe ^ e\& g 

^, 0 r 2$7 r ^ a^7^S At&t* *r Si^K ZlElJl, C r ^JI r ^0| ^ 2|cK Ofl# #CH , #^^J°|(342)# «ah 

oPI ^ S*l^ D.C ^^BJi! tUtoil^- ikW MJ^I 6kW A r o|s] ^J7 r # ^ Six|°>, 6 kW§££! §£«! ^o| 

U »S|*W. =L*\2L, ?y*HSj ^5E-^ 25*C M|x| 700'C A r o|^ ^ B^IB, 630-C §£7 r o r cK ^tH£| 1 mtorr M|x| 5 

mtorr A r o|^ 5lf ^ £2*1 £), 1 mtorrS^^ i^oh^ ^o| «^3|§ r Q r . o r a^7 r ^^ aj^^o) ~a^~ 8 sccm 

M)a| 14 sccm A r o|^. 5lf ^ 2i^|°}, 10 sccmSES ^ ^o| an^^r. 

?H^A|Ei ^^°|(344)H^ &M*y ?H*H A |tH Mi^|(344)0| ^fSfe 7|-^# ZL&|o r 0i AjEjjs^ 0^^^-^ 7f|^A| 

B\ M^^(344)^TiO 

2^. Ta 2 0 5 5t, Al 2 0 3 9t, BaTi0 3 ^t, SrTi0 3 ^, Bi 4 Ti 3 0 12 ^ SEfe PbTi0 3 ^H^ fi^jj. ^ 5^ o|7|cH|AH t 7HDfl^|Ei M^5t(344) 
gAHg g^°toj ^s^ > ?H a| e| ^g°|(338')H^ gAHsj sss|o| o, §^s°|(342)H^ S*3S ^-S^sj Sfi.o|| 

Ofa^l &E r S ^ Si^K 0fl# #CH, #^as|(342)al| «h#Ajo| o[fe #^^o^ ?Un||A|Ej £i^(344)# gAjspq of- ^0| b r if 
5|S r cK S£&, #^aej-(342)3lffe SSSl-SS ^HiflA|El M^9t(344)# ^j 0 | b r afx|$ r cK a} 7 | §o||Ai Al 



gOgStSS 9)\m*\B\ Mi^(344)# 50| MC r b^xj^QK 7||JI||A|E| £l£^(344)£l ^7J\\^ 9^A\B\ M£°t(344) 

(344)S 50A Ml*! 5000AS| gA**^. g 0 | ^y, 7H*H*I*H M£st(344)€- 50A M|x| 1500AS) g 

ao| acj u^S|*|-c(. SB, 7H*flA|N a^5|(344)0| 1500Ao|^o| s|g, ?H A l £^^t(344)o| §^33^25 A}« 
« ^ o[cK o}aM. ILD§S# H*mx\ ^ Si^K 

7HhHa|ej £^°|(344)# «4J*P| ?|» ?*|a|el &g£| flats. ^7|o|a| i^gg. #n°|oj # ^o,| ^ s ^ o< cK a oj 

^oi| c|)6i)A^ #^S^(342)fi| gg EWIS «t9*tfl*l o|o| «3» «r SUcf. b^x|s W |^ f 7Hh«a|e< M^^(344)^ «47|^S 
*KChemical Vapor deposition)^, #£1^4 S«MPhysical Vapor Deposition) WS, ^J*t MS (Sputtering) £]*r^ #^ 
(Atomic Layer Deposition) SfS ^|o|xH A>**|-oj g^gh ^ oj C |. 

*weh s*r# §^ a ja§ 7H nj) a| &) a^°i(344)s s^sfe #oi acj. d^xi^cK sh^s, a^ts s*rsH!ie ^# 

^ &€■ gS^s| &g§ 7W2 2PI tOl^olcK ^, ^jx^ *HSo||ai §§§ ^*B*K=- 2)o| nam, &a|*J 

oi ^t|^jo^ o^ggj. ^nj]A|EH M2^(344)« g£th ^ oi D |. 0|d| tif- ojfe ^nflA|Ej M5^(344)<i| 7|^# 

^sfA|^ ^ ycf. ££o>, ?Hni|A|EH Msl^(344)S ggfi- nj| 1 &x[£ bh^ g£^ 7 | m|«olI, °J-o| §^7<| x|o|«} 

^ Z$o\ 7^o|-Cf. o^£H, 7Hn||A|Ei M^*t(344)o| #*fH|-^ ai|^Hgo| ^§^x| 7 |. o r ^-a| ^^ci^, 100%^) ^gj ^ kH 
7fx|£S 7Hm|A|E| M^^t(344)# ^ 2i^K 

AhSohaj ^H^fl A l N Ms^I(344)jB^. Al 2 0 3 ^# g£& [Ojoji-^, ojxj £jx^ §^§*|oj M)oij 
7|©s| ah^olfe ^±7\±W #3^. &^a|fe ^7^^ TMA(TriMethyl Aluminum), DMAH 

(DiMethylAluminum Hydride), DMEAA(DiMethylEthylAmine Alane), TIBA(TrilsoButyAluminum) SE^- 0|S°| if^7^# A^^ 

^ Si^r. «J£*|| 7|&o| gao| | ^^3H ££-^ #a|3io^ §5|J£j ^ a q^ > ^ 1^1 Of I &^ofe 7^ 

S Bf£*l| 7|ea| a^«§ uix| (p ur ge) #a|^o^ ^ = D | fe ^7^# ^7f»cf. 7 j 

^-c- Ar7 r ^, N 

2 7^ t N 2 07f^ EE^r 0|#o| 5|f7bf A^# ^ o(C r . 0|CHAi, ^>. 7 ^g y^^j 7 |nfo| a^cHI #2i^^K ^ ^^7^ 

H 

2 07 r ^:, N 2 07rr±i f 0 3 7^ £E-^ 0|#o| ^^fA,^ Af§f ^ °(ch ^^7^S+ ^^ 7 ^2|o| y§s ^d|& ±: 

^7^7f m^SjOl W-Sxfl 7|&o| AV« S goi|Alo} ^0iL.p| ttfl^-0l|, 1 ^|X r a]|^o| «^0| gAH£j C |. Zia|Jl^Ai t 

£±2i 5§tHoi|AH ^, 1-S-AH 7 ^a. # ^x|B r oi y-5E*|| 7|^ ^^SSoil #a|^o^ a^ ^7^# xh| 

Tl&cK a^7| S^ah 7 ^^ Ah§# ^ Si-c- 0|n| ^°3S °r Si^r. ^7|£f 7H*j 1 ^Jx r aj|^oj ^q| 0 | * 4 

^S|S, S*r§ 1 A r 0|#0| §SS^. 7Hafl*IM a^^|(344)# ^l, OflSPI 100A°| §ah^ oj|oi|^ ^ 

ofe W»y» nH^x| ^jxjg #5^yo| A fo|#s 

7f|iiDA|E) Ms^(344)Q^ AI 2 0 3 ^S S^rS i^Bf a^o^ ^ ah Bp | o|£h H r ^t^ gg 5 a§ c^2f g-ciK ^. Al 

2 0 3 atS| S^^S^- ^|0|Jt) S£f 7|^o^ 150 -c lHx| 500 'C AfollJ ^ 5U^ia. 300 'C S^7 r o^^rCf-. ^d|^ ^^7^ 
tt^JAl^s o.1 ^ M|X| 2 ^ Si^lel, 1 ^ SJESJ 30| o r cK aB|2, ^^7^# X-J|7i 

oPI flS#»AH 7 ^o| Jt)X|A|^}^ 0.1^ L-fjXj 10 ^ &*l£h S£^J 50| b^X|H^K £Lz} t t±± ^Aj A | 

^ 0.15 M|A| 20^^ ^ Ai^le>, 0.2 5. §£°] 50| Ur^ohcK 0|-#E^ #a|^o^ g^J-JEj a^ ^^7^# ^|7iSp| ^lah 
##4 H 7^°| jqx|A|^}^ 0.1^ M|x| 20^^ ^ AiA|°}, 6 §E°J ^0| u|-^^d|-. 

&S, a#^5|(EL)S| 7|^# Ci^ *tA^Ap|7| ^|3 r 0i #^a^(342)# «ah^ ^ ni/SEfe 7HBflA|EH M^^|(344)# ^0J| 
S^fJ^(342)# ^Oi| #2+?j^(342)S| S^^^# ^5|-A|7|7| ^3 r O| ^ ^7|o] g^£| §§§ ajej)^ 

(Optional)^S =T=«e 4 s W^K «r^oF7i|^, 600 "C o|oW|ah §§§ ^a»cj. fi|u^g, ^^°|(342)# Jl^, onsc« 

600'C 0|AKH|AJ B*|B|?}7|| £jg a^ 7 J £ xjAH #&JZL(324)^ ^B^7^ Si7| CT4|^0|C r . b^^^l^, 400*C Ml^l 

600 "C A r o|oj|Ai s^a| ^*8»cK 

?Hn» A |EH a^5+(344)# S^gj. Q^oj| 7H^A|EH S^^(344)S| goj^o ^^7| ^|o[-0i A h:±: «.^) 7 |o) ggg aje*!^ 

(optional)HS xSfi" ^*5L Si^K 0^*1^711-^ 600 'C 0|H r cH|Ai ^^a| afcih ^c r y^^jB^I^, 400 "C M|x| 600 "0 

S^oll ctfsW ?HsHa|eh a^°|(344)§ o|^oi| 600 1: o|a^o| j±g. <*x]e.\ §§§ =^*Sfi- t£ Si^. SH^g, 

^(EL)^o| ^ah^joh Si7| nH^ofl, ^1^71- ^7i| £3 ah #ajn(324)^ ^sjxj ^ 7 | msolcK ^-o|, sjx># o|£|oj 
a o^£^ ^n«A|&| Ssl5J(344)§ gAHSh g^oil^, 7{| UK A| E| £s^t(344)# g£ & ^oll JL^ S^a| ^UiS^ 30| b r sf 

^fi- SJciK SH^ohS, ^jx r g g^^goii o|o r oi §Aj g 7H^a|eh M^^(344)fi| 3-?-^. ^SoF7| nHSdl 

o«ah Sx)a|# S*Bo r x| afcjsjs ^H^ajeH M^^(344)o^Afc|s) 7|^# ^18 & ^ Si^iel, ^l-B ^g£S S-SS ?H^a|ej MS: 
^t(344)°J S^-Oll-^ 600 r 0|A}o) ji^ gxjai S^^Ajg ^A|^ |£7f Si7| EflS0|cK ^o|, #&r?J5t(342)# 

§^°r2L S^a| g§§ aiSo r x| 7H^a|eh M^°|(344)# £jx>§ #sf^ao|| o|Shoi §ah s ^ ( ov« g^oii-^, 600 "C o| 

a^o| jis. ^*ja| g§§ ^JAisfe 501 u^si^ck a-S, s^^aoil §ah^ 7Hih|a|eh; s^:^t(344)€- ^^o| o| S 

of7| afl^oii, s^a| ^§o| SlBsj^ #^a(324)^ >y^:7^ 3^-ajsj - 5° Mc r ^o^| ^x|^ =^ o|ck ccfaM, ?H 



Q0\ 7HBHA|E)(C)# a^^°-t(EL)£S ^Mf7i| SIB, ^^gSOi|Ai ^^A|Ej(C)7h g^s)^ 3# ^ 5tm 0|0U CH«H 

5. 3i# S5^g f a$«-5t(EL)« SflSIOL ILD §§§ SSI&ch ^ t *}±x\\ 7|eK300)£| *jgo|| xj| 3 §£}SSSJ-(346)# 

*U 3 fti}aflst(346)e ^£15 tfW, £Ja|£ £m9*t*t. BSG^J", PSG^. BPSG. TEOS^I, S^-TEOS^I PE- 
TEOS*J\ USG^I £Efe 0|#£| S ^°foj ^ o( C ^ 

°«t #ch. *fl 3 s^ss^(346)# sm7ifl$*t»ei« ^ai^ thawss spoilt, ^B7h^ 4^7^71 y 

#7^£ A^SjcK ZL^CHI, flSPh^Sf £t<fc7}^£| yggolf ^7|- H|^H]CH ?H^A|eH #S°t(338')l- ^^A|g ^ & 

nHA|Ej(c)S ^^ofe ^dS *FEUf ^ 2i^K a#^(EL)# ^4 H ofe goiH, 7f)*HA|EH S^°|(344)o| ^± *tEPI* 

# ^ ^S&cK S£Sj * r o|-^ g^^)°|(342)£ ^± 7|^# &So|cR 

oioMi, oii^ss ssew. ^. s*i *« 3 mvE&*t{346) 9 a^^t(344) a #^a^(342)s s^fl sass *n&t 

^n«A|Ei A^ a =(3 40 .)o| oj « # Jc»A|*|fc SEH§( 348)g gflttcf. x|| 3 #^3^(346)^ = # 7|M» 

(Fluorine-based) EE^ ZJajaj^ gJH<H| £|*K* n}|EHy Sh ^ Si^K 7H*J|a|eH J££°t(344) S! #^S^(342)-E c+ 

CF 

4 *fl7|o||A| gh@fl o|^ W»tim A»«KM *H ^ y i> 4, 2lcK 5§|S(348)# ««S c r §, -y^S^ DilS^S|(350)S SflS 

5S|S(348)S S*Ha| (Recovery annealing)^ ^a* SJcR fl*|£| ^S-E, oflS^ 450 "C Ml 

*l 500 -c Aho|o) s^oflAH ^&fl7|s ^«se ^ 5Ut*. £A|^x|^ aft^m. n|irs«l(350)o| S^-S q h^s^ 

£ 3jS &5£o|-S, Dil&5^l(350)# S^S nHA|bj|o|^ S«^CH n}jA|tii|o|>M °|(352)# n«A|m|o| 

£jsK352)-S- ^ai^ ^af, ^a|^ ^a|$ ££fe o|«s| ^fj-^H^ ggf* ^ 5Uc+. «fx|«, nHA|bj| 0 |>y °| 

(352)^ ^a|5 ^al? i^g^Dfo^ §ah S |^ ^ 0 | uf«S|*M. ^7| uHA| u|| 0 |^ ^(352)sJ ^t>||W 2000 A 

Ml*l 20000 A M0\s\ ^^|^ gAHgH^ nHA|ai|o|Aj^(352)^ ^7|^§^Hfa, *a|^ f^ya, ^ 
^ 5E£r Bflo|xH A»«F0) «Aj v - ojcK iq)A|m|o|Aj ^(352)« PECVD»fl* S^s^ 5o| uH^3| 

^A|m|o|AjQ| (352)# pECVDWfl* Af^SFOl *j£^o^ gAH^ g^oil^, RFsM4c 300 m*| 600W^ ^ 5Ux|U 400W 

SH7> ehSStH Ml 4 ^E 1 m«| 15torr A^olfi ^ su^ia, 5torrSH°J ^o| u^q^cf, USflHtMlfil S£fe 

150TC Ml^l 500-C Ajolfl ^ JUxia, 300"C SEfl 30| M»S|«Fcf. «h§7^^ A^sj-^ 4IB7^(SiH 

4 )-l ^^-n-if^ 50 Ml^l SOOsccm a^|^ ^ 1 50sccmS£E°J ^Jo| tdj-av^i^ yg7^S A^sj^ ^sqoKNH 

3 ) 7^s| g^^if^ 20 200sccm A^m ^ 40sccm S£°l ^o| HW5|*|-c|.. 

2HA|ai|o|Ajq|(352)# PECVD^Qg a^^ ^a|^ a^^^q|o^ gAH^ g «o||fe RF^, &%®*\ ^ §y 

mai nflA|mio|Ajq|(352)# PEcvDttei* a»«jo( ^ai§ ^^^-o^ s^ofe a^^^£5 §^^cf cm as 

A«S|fe 4IB7f-*s(SiH 

4 ) ^l g^-^iT-B 10 m*l 200sccm A^lfl ^ Si^|°} f 50sccmS5E°J 30| u^^i^cK B«7^S Ah*s|fe SHMoKNH 
3 )7^a| §3^if€- 20 Ml^l SOOsccm a>o|!J ^ 2ix|n} f isOsccm §5E£J ^o| u^3|S^. yg7^S A^sj-^ n 
2 07^a| SS-S-if-E 20 SOOsccm Mo\<H 4 s Si^lS}, 150sccmS££j 3Jo| «^^^c|-. 

a-a, nHA|t*iioi>M°i(352)# §ah S |^ nfgcHiAii, iLDgs^f D^s^7^x|^ ^ ^^7^7h ?hh«a|&)(c)^ s^-s- ^ si of. shxiei 

?H*Ha|eH S^°|(344)o| ^ ^7^o| 9|ji|a|e|(c) *r^oF^| gcK a flsf, Bfl>W|Aj gg 0 | ^S<H|AifE ' 

?H^a|eH(c)°J ^Sf7f »x|gcf. §N-?J^(342)£ xhol-^ 5UXIB ^7^s| ?H^a|eH(c) *ha* ^ 

•»oi4. 

a-S. ^7 1 0i|ej-^q(350)S §ah^7| fl^oi 5^§(348)# S^oh^ aif^oi|Ai 7HiiHA|EH ^^3^(340') A^ojf g^sj 

a#W(EL)a| ^^7MMa^ao|| CHIRAC tigs utJUcf. tcfaw, Qil^^j S^gg o|^oi| 4A|u|o|^ 
o!|Ai ^7^7f ?S#^(EL)0| x-j|7i£j 7HHJ|A|EH Ai« g ^( 340 ') i^o^ ^ o[ cK a& n«A|m| 0^^(352) X^|0!| 

£ ^ ^^7^7|> g^SlOi 2i7| EUI^CHI, HflA|b||o|Aj g§ 0 | 0|^Oj|£ ^.ojsj ^^7^7* ?H^a|eH(c) «J^£ 

5 ^o|-oi 7H^a|eH ^3°|(338')# SsfA|g o|cf. ccfahAi, n}|A|bi|o|Aj g S oi|Aioj ^^g^oil o|a?HnHA|&) 

(338 )^1 SsfS ac|- ^)o|-a| n}j a| ^01^ g§§ g««|7| So« ^|°t(354)# Ajq^o^ §ah^- 

21^K ^1 ^S^- &^|°t(354)E ^ fl?|A|bi|o|Ajq|(352) S^ggoflAj 7^7f ?H^^IM(C) ^ 

°W ?Hm|A|Ei ^3°|(338')S S^a|?|^ 5§ 



^|9|(354)°S S^Sfe §l!9t0| I^oW # #£|*1, Si*m. S§^5( #ah° ?(|n)) a|e] a 5:^(344) °S gAHg^L # 
§^ Aj^o^ s^s hQK Af 7 | «^|°|(354)s. A| 

2 0 3 TiC^, Ta 2 0 5 ^. BaTi0 3 ej\ SrTiOg^, Bi 4 Ti 3 0 12 ^. PbTi0 3 ^ 0|#°| stf^o S gAjfj- ^ o|c| =t^3-¥- 
^x|*K354)§AI 

2 0 3 H°S. S^Sfe 50| HHf5|ShCf. At 7 | ^A §f ^X|°H354)€- #Aj*jo| o^oj Sf*|7|A} §*^w, ^D) 

^S, SE£- et|0|^ Si^SS Af#s^ £ah & ^ 21 c|. S[x|dJ, Ap ( 4^gJ= ^*l^(354)€- £Ia>~ 

-I Si H »fe #0| dHfx|§n^. S4§ #s|gfScH| SJSK>1 &*|5«354)# S^lj- g-?-o)| g# ^ 

gixf* SSf^Sofl s|5^ ?Hnt|A|fM ££^(344)S S^S S^o)| 2§ ^ 21£- §3^ A Ji«l££ #SJ*M^. #7| ^1 
^(354)# SAhS #^^aoll sjshol g-a^ S^-oji HfB^e ?HnHA|^ fi3=>n|( 3 44)# *|a|# §sf«^o £ 

S^ofi sj§f ^ oi- H |K«s f ggsyaf 4!isjo £ soja hc ^ 

^7| ^r^S 1 ^ ^|et(354)-g 50A M|a| 20000A Aho|£| if-afls ^ 21x|eh 200A m*| 300A M0\s\ S^s^ 5 

o| u^a)*^. 

S-e, SA|*l*l-& Si-°fx|o> ^fi^. »t-x|°t(354)# S^ s( . 7 | ao) | A f£ j.o|o S g &#ej-(D|£EA|)g xjqsjog Sol? tE 21 
^ »»»«o|EA|)e Atoj. cvd^S PECVD^SS Ah««MH gg» 4 s oj^ ofl# #(», 4171 *^°tg moj cvo^a 
oil a|th iftfetSS St, 4P| eM^e S^-TE0S&J\ PSGS* E-fc- BPSG^SS 4> 21"^ Ap| PECVD 

^woll A^2fo S gAjtJ- g^o||fe, a^9| e PE-TEOSet PE-SiH 

4 ^°S 21cK 

Ap| a-$at(a|EA|)§ PE-CVD^S# a|§sw ^7^011 7|S& £WSf TEOS7^o|| 7|i& y^ D -t°S SgShfc ^o| 
d^5|«|.cf. &#et(a|5EA|)# PE-CVD^SS A^*|-oj PE-TE0S5f°S g^oil, rfeHN^- 100W M|x| 500W Afo|^ 4= 

2Ja|°.K 200W2J 5!0| dH^SI-cK ygaNH) 1 M|^| istorrA^I^ ^ 21^1^, 5lorr5J 30| HHfS|^c+. ^€53^0) s. £ 

^- 150 M)x| 450TC Ajo|^ =^ 2lx|D>. 300 "CeJ 5J0| u|^SfS|-cf. 

fE 3a SI 5. 3jS Sf^°hoi u|fi| ^o|, 7Hii}|a|e|(c)# a$S( D 4(EL)°S ^ a_j-eUo|| a-| ildSS , fl}|A|m|o|-y g§ S*g 

^7f^0|| °|£h?Hn||A|EH ^-3^(338')2| S^f# ^1*^ 21^. 0f#21, HHA|U||0|Aj g§§ XJIgSPI Soil ^S^- 

^|«K354)« ^7fS c-1 §Aj & g^oqfe. ?HnHA|EH(C)# S^gh 0 |^o|| ^S(s|fe D||Ha| ^x|°| S^B|go||Ai ?Hn«A|e| 

-^a^(338')o| 5t ai-SSh7|| ^ ^ °|7|| gc|.. 

^ ^So|| a\B &S.m a\\S.B\ ±*\ *Hi21S°| ?H| 2 ^A|o||^- #Eja(S 3b2J 324 #a|AJa|mo S S aj^ 

i ^ Aj S |A|.o|H2f s*|e| g§oi|AH ah §e|n( £ 3b o| 324 ^) xj^^ ^a|A^|H^£Fc^ go}§ x^ajs^ ^. ^«oi| 

CtfS 0||Ha| XII^BVrtoJ j,| 1 AjA|0fli£f AJ^5jo S §g SW | ^SEh7||#0| SftgCf. 

n\ 2 aja|o||o||ah^. #eia(£. 3b2| 324 S-^) a*l|# Aj £ |Ajo| = tj-s^ot Aja|A|o|^£(- s*^a| ggo||A| ±± # 

A|#H)^ 2§g 3b2| 326 A^ 7 | H| 1, AJA|0flS| S^ac|- ^7|| §AH3h& 50I b^«tC( CLfa|Ai 

^71 i#S ^^^(E 3b2| 326 130 A 0|ajoj § aj S ^ Aj a |AJo|=Sf S^a| g§0|^o||E 2L§S ^^°|-o| 5 

t 21 £^ ^o| a|i5|S|cf. £2 -a ga|zi(£ 3bSJ 324 Aja|A^| HSfsfe- S^a| ggs jh.| 1 Aj A |oflo| 

€• ^SCHI <4S efH*fl D||S£| ±X[ Xll^a^oj x|| 3 aja|01|cH|A^ *|| 1 AJA|0flo| g°2|^ ^a| Jllgg 34? o| AJ£|A^|H^. on 

a CD a^M Aj£| A ^ 0 | H q| # At« §s|a(E 3c b| 332^S)S 5j 0 | o|l|s[, 3d2| 334 S"i)i-l)o(| S«»ci. 

S. 4a# &i5f3, x|| 1 AjA|oi|°| g^SLf aj S51 o S s.^^ g§ =. x)| 1 51 xfl 2 #£}S£et(318 S! 320) M)o|| 

ah #aizi(324)# S-atJ-tiK At 7 | s.xjAH #£|n(324)-& 5E 3co|| £A|£j #aHzi(330)fiJ- ^iJJ££ §ah 
1* =9= 2lcK oils soi, a} 7 | E xjah #e^(324)& fESlj #a|Aja|s°|o S §Ai sfe dUfxjshch. zigj c|§ £*iah #ei 

3(324) gj X|| 2 §^a^9t(320) a,K>|| £3^(356), 3^(358) 5J IS S E.^5|(360)# e^-|£S S^gteJ. At7| £ 

3^(356)^ £ 3col| £A|g s|« #eja(330)fif aj^^ o S s-^^i- #^q|o S §ah^ ^ ojc|-. ofl# #&), a^ 7 | £3^(356)^ 
5ESS #a|Aja|sq|o S §Ajg|. S ) i 3000A MJX| 10000 A A|o|°| ^ 0 | nHfS|«JcJ. Jl§a 3^e|(358)-& 

E 3bo|| £A|sj 2§g ^^(326)2f Aj§5jo S §§a|o^ S ah^- - o| C K ol|# SO|, a^7| jagg S^=t(358)e S«f 

Sah^sj 50A qi^i 200A ^ 0 |o| =^| S §Aj S |.- ^01 bUfsi^cf. A^ 7 | 5 g S^Sjet(360)S £ 3bo|| £A|g s g 
SeSfet(328)3f ^15)££ S^etHS - o(cK ofl* #0i, 4^7 1 ss S &Sfet(360)S EjEhfe ^^9|o S S ah 

oF2J. 50 A 150 A A^|SJ ^ms. S^Sfe u^S|«hcf. 

BH, £9S #a|AJa|se|o S £3^(3 56 )s g^^Tfl £|S £get(356) 4l^sao| xfa^«Bto| §ajsjc+. nfaf/H. 3 
^at(358)# §AH S p| a o|| £*j°j-(356) ^o)| S^S x|g>4^q|.= x||7HSF-fe 2Jo| h^3|h|-cK ^17) x^Ahsj.q| # x||7HS^ 

*. s »s«hi miaai ^a| xqztftiAi 1 ^aiods ^sshe^ A^A^|s^7^| 14 °i°°s. <H7|oiia^ ^atect 



E 4b# S£Sm, E3^(356). 2fS 5^^(358) 5! SS 9EhSf^(360)# ^xfi|o £ gAHgj. ^° Aj a | A j 0 |=^ a*|a| g 



SS ^SSfO) £3*1(356) £>^# *ja|AK>| = 9t(362)SS H*W£]ch 2§g S^(358)§ 2^£^£5 gA^ g^oj| 
^1 ^a|A^|HSf ^S0| 2fS0||AH £S°t(356)£| a^« 7 |. ^£|a^|h^o S a^7i| aj 

a|AK>l = *l- g*|a| s 3coo #*Ha(332)# S^sfe ^Soiiaj £Ja|AK>|^£f s*ja| ggjif £JS^<as 

ssj^pii sma^K 

Ap| ^£|a^|h^ g*|a| g§ ol^oil^- a|y# Jigs 5^(358) 31 13 «1WSK360)« xHMSM. 3^ 
(358) 91 53 »iWSt(360)* *i|7fSfe * ^oij cifB Bflsa| xgs^ejon 41 flj 1 Aj A |ofloJ g «a| 

A^|£f ao| Q|y-§ 2§S S^*t(358) §L» 59 «emeK360)« o|^oj|^, Aja| a^| = sj-(358) £M| «Ja^x|h«d|sa|) 

£| xj| 1 ^jA|oflo| ^^^f Aj*jx} cH7|ch|a]^ ^efspi^ g^K 

&a. ^ 7 |oi|AH^ iQAH #&izi(324) 5! £2^(356)# S^HSl §§# S^h|-«dK ©|-x|e}, §SeW|sJ ^# #o|7| 

°W £Sah #^a(324) SI fES^(356)# ofLfo) ggo S ^ £ o^k ofl# #c>i, £99 #a|AJa|s^ ^qS(322) S! 

*ll 2 #£}Se^(320)^oi| gAHoh ^, xi| 2 S£fSS*t(320)s| ^^JEESoii £gsj #a|Aja|s°jo| ^3 ^o|^ £Hfs*£^ £ gsj 
#a|Aja|^oj A} ?5 g f ggsfffcf, ziaJS, #^zi(324) a £S^(356)§ a°^§£S S-^S"^ 2i7fl S^K 

ofS xh| 3 £JA|oflo| g<=LS4 aj^^o^ sojsj. ^Se^lSol Stjj£jch c[a| y^, y@oi| y^xfl Dflaal ^ sfl^goi 
*il 4 ^A|oflo||AH gAjs|- AjaiA^oicDj.^igq), a»S ^aiA^l^^)^ ^^x|5+o^ A ^^ oh ah 0^3 

»S, ^-goii cifB &>£*ll oil sa| ^ xh| 4 AJA|o}|oi| A -i-^ Aj a | A ^ 0 |H^ Sx^a| ^SoijAj ^ah^^ aj £ | A ^ 0 |£°| 

(oilStH, aj £ | A ^o|£^)^ ?H^»A|E^ *H?S^o^ a^s)7| nj|&o|| f A} 7 | Aja|Ajo|£*|- s^a| ss<h|ai ^ja|5 a|. 

§£J^ £S^(5E 4a^l 356 S^)^ #-g-Sh ^IS. uHf^^cK tcfaH, £3^(£ 4asj 356 3000A M|x| 

10000 A Afo|o) =7>||^ §ahh|^ 501 u(-^a|s^ck £Ea, 4^1 ^JaiA^lHSj s^a| gs# §ah£) - Aja| A ^ 0 |co| (H 4b 

2] 362 S-^)o| 3000A mx| 10000A A^|SJ §a^s) £ s a^ 7 | Aj a | A ^ 0 | =SF Sx)a| §§f SSIote «H,^o^K 

agoil utB &i-5E^I D||sa| ^:X^ xfls^asi ^| 5 ^aioii^ 3^ £S°J-# g^op| AjcHi i^AH ga^ a °i xj| 2 §^}g^°t & 

CH| AJa|Aj0|=°t4lf ^>4^X|°|# ^Xf^jos S^&C^ g S! a^| Aj ajA ^ 0 |co|« CVD^a E£^r *}&0\\ 2\M^ 

s«a^-=- a# ^i£ioi-g ^1 3 ^Aioflsif aj^^o^ ^saTiioii sj^oi sisscik A^ t aj £ | A ^ 0 |cd|« £ 3c on 

a^ #a)zK332)^^S5jos S°jyti Q 4£S|^5fe5o| hH^oW,50A 1000A Aho|o| S^^hfe ^}o| 

Hhg-A|^cf A^7| ^AJ^XIDJ.0 £ 3d0 „ £A|g 7||g°t(334)0|| 3LfS ^^X|°|^ AJ S ^| §^o> g-gq^o^ gAH^ £ 

o| u»a|W. 

£ 5# Sz&3|-g, e #9o|| ccfB ei£*ll Diiaai ^x|- x-il^^-soj ^| 6 aj A | 0 ^ #sizi(330)^ ^ #ain(332)^ ^s|«& 
#H-|n(324)°| S*jE.^l^x|fe x|| 1 ^JA|ofloj g aj^^o^ SSE^7^|7^ a«»ch 

Olc^AH, £3ah #ain(324)£| a^« #^a(332) -feho« 7j|S°t nH&!(364)nif 7HnHA|e^ n|-^a^(366)# Effl^ S^S^. ^*{| 
^I^S-b, #aln(332) 5L» n 2 5^39^(320) 4^1 ^|^°| °! £S^# ^^o^ §ah^c|.. m 7 | 7j|g°| 51 
SS^B £ 3do« £A|sj 7i|g°t(334) H £S^(336)nf aj^^o^ ^9 ^J^iSf ^fS^oi a^| n 

Bl £Sst# nflEHysKH 7j|g^nH@ (364)3+ ?H^^IN ^3^(366)S 

&\9\ ao| mi @(364) 5J ^H^H^I^ o^S^(366)S o|^oi|^- u>£xi| 7|5(300)2J 3^cH| #^oJ ^S, 011341 

PECVD^aS A»«fo) ^| 3 ^S3^(368)S «4&cf. ^1 3 #^83^(368)^^ ^ Si^ ^-S^l ^| 1 

S3^(318)S Si^ S^fit aj*i^o^ ^^ohcK a Afg Ajz|g SS 3 #^3^(368) 

4|0I| 7HnHA|&t o^S^ (366 )o| A^ 5 g f i^A|7|^- 7H^(370)» 8^ fief. ZLB|i LfAi, a^ 7 | 7H^-(370)S| ^«oi| gA^oj 
A^3|-oi ^Ajbj-xi ^nflolAi (372)6 8^»cK &7\ ^^x| ±mo\M(372)±: E. 3ho|| 5EA|S 7HdHa|eH Mi^|(342)^ 
aj S ^o^ ^a|o^ gAHg- - ojc^ oflfi- SCH, ^u^l ^IH|0|A^372)-^ ALD-AI 

2 0 3 ^^ g^ofe «H,^ ohcK SHL^x| ^m|o|AH(372)^ g^fi- c^. ^^x| ^m|o|Ai(372)s) °t^# ^SSfo^ 3 
^|-^# §^a|?|7| ^*|| 400 *C 4|x| 600 "C A^|fi| ^£ °J a^ «o|7| 3KH|Aj g*|a| Aj^^o^ ^g^^ o|cK a^ 7 | 7 || 

^(370) Lfloil^ #4^01 »H, 011341 §a^a§ a»«HH ^S^(374)S ««0cf. ^7 1 ?Hn«x|&| ^3°t(374)^ E. 

3e^l ?H2H A I&) ^a^(338*)3if aj^^j #ajd|o^ ^ 7Hh|)a|eJ ^S^( 37 4)# S^e!- o|^o||^- 7HnflA|EH 

^S^(374)# a§^-oFai, ?HnflA|E< ^301(374)01 ^g^Aj # gsf§p| 600 M|x| 800 "C a^|o| s.^ °| a^ «.^ 7 | 

oi|Ai s^a| gss aioj^o^ ^a^^ «cK 7Hh«a|eH -^S^(374)s| a^o||^- ?h^«^|eH 4^S^(376)# S^£F^. ^ 

71 *^^a^(376)^ sa^i* ya, 011^41 ^eh^ g-as ajssw oj-^x-ii 71^ g goii ^ 

Afg Ajz|g S# ^IS^oi a^« iiHE)y^o SM | §ah^^ am* £S°|# S^^^ #-fr, ^ 

»ll, ^ 5L' gS^SB 5. 360\\ £A|sj a^« ^aj 9|(34 0 ) o| Aj^^o^ #^S|-cK na|21 14 Ai, ?H^|x|Ei ^-3 ^(374) oj 

^fiS ^Oj|Ai ?H^ A |Ei ^3^(376)01 §Ajsjx| of« « « a, 7HB«A|&) 4^3^(376)Sj fig§ ^1^340^ ^m^t a^Sf 
^(EL')# S^&^K ^7| S^^KEL'm S 3hcH| £A|£j ^^^(EL)^ &o| c^°|o^ §ah s ^ ^o| uHfs|*W. aa|ZL, ^ 
#^^t(EL')-& ^CH£ #^-^^(378) SJ ^Hii«A|Ei M^^|(380)# S&ohiE^ S^o^ u^S|^c|-. oflg #cH f y£*l| 7|& 
(300)S| ggoll S^°t(378) H ?HaHA|EH ^^^|(380)# ^x^o^ g^gj-cf #^?J°t(378)^ ?H^>^IN 5LsLH(380)°£. g 



t 91^ *asfs| ^H5|£J ^^1 a a SS b ja§ H 3hS| #^&st(342):nf ?H^^I^ Mfta«344)s| S^sf aJ S ^o 

S SSWcf. Ap| ?f)n}|A|EH S£°t(380)§ S«op| S a/5Efe ?K4I<MEM M^^(380)# g-g£h*o|| Ah£« fl7 |SM>J g 
§# ^ SicK a ^, a | gS€ . s oil cifB ttH*| oil sal ^ *i|2«^°i *| 1 £JA|ofls>f Aj g5j §oj & 
ZJohofl &cK 

a#^(EL')« S^ohH fc4 eh©, ILDSS# ^o|-0i 7|&(300)S| SSo|| *|| 4 #£}££°|(382)# *fl 4 

S^^(382)# §-ff-& n 1 S£}§get(3l8)2] g^SLf ^§^0^ §tJS|-cL zl^ c^g, miihgss 3 

gshal Xj| 4 #Z}gfl5t(382)# ^#^oi 7H*H*N 4^S^(376)S SS|*Ffc mittSe|(384)# gg»ch HA|SWfc 

BtSMtt. o| s}go|A| «HP94 oilihS^oi s« s ^ £ o^K aBJ;a 7|e(300)s| ggoii iflA|bi|o|AjD| ( 3 86)# g 

««ch £PI nHA|m| 01^01(386)^0^ §ah & - oj- ^^oj w> ^ah =. g AH^ a - £ 3j0| S x|g nJ|A|m|o|Ajg+ 

(352)£| 3^ ^§^0^ 

* V90II ctfB BJEH Diiaal ^ x«2»fls| x-i| 6 ^|A|oflo||AH5E #S*tt374)# *KL^x| ^«|o|a|(372) a fil 
(EDS A^3hoi 5|g^o^ ^ ^o,| S«sp| oH^oil, ILD^S, fl|A|a||okS §oj|Ai ^ ^7^o|| 
o)tH 3?H^ ajeh ^s°|(374)o| ?Am »^|» ^ SUcJ. 

»S. * V9og ccfe ffiH*ll r>i|Ha| ^ xnsaaoil ch» xg 6 ^Ajonsj g^oiis £p| q 1 *iA|ofls>f Dffi7W£, iiHA|ui|o|Aj g 
§# Sfjspl ao|| ^x|°|(388)# 7|e(300)a| SS011 Aja^o^ g^g. ^ oj^ £A|st*l^- afa^iei. 

^±®^ »*|S«388)* §^op| Sol) «}H*|| 71^(300)^1 S3 Oil »*S«n|EA|)4 a^ajo^ § ah^ 4 s S Si^K ^7| 

¥ &*l*t(388) 3! ^#°^(D|£A|)0^ gAHf]- 4= oj- ^§q|Oj # s =^| t oi gA^d^o a^ 7 | x-i| 1 AjA|0^|o| g «^ AJg 

51°^ iSSW. ^7\<% ^o| n«A| t*i|o|Aj §g§ Soil &#^(d|£A|) a/J£fe- ^±D^ ^|e+(388)S 

nHA|t*i|0|Aj CH| AH 7^71- a^S^ Oj| 1^^(384)01 §AHg « 7HnHA|EH ^S^t(374)H^ 

* ^9oj| il\b BhEay Dllsal ^Xf ^|S«^SJ X|| 7 ^A|ofl^ xfl 1 » x| 2 #^S^S|(318 S 320) Ml oy S^S ^^^(322) M| 
Oil §g£|£r £3^ #Bi 3(324) S*ll* ^B|AfO|^°|o^ gAH^j.^ a 0 |^0H^, 4^7 1 xi\ 6 ^jAjoflo) g ^ 

1-^0^1 gs^7ii#oi sgia^K ^1 1 a xii 2 s^sastois §y 320) michi §Ai g ^^#022) mjchi ^^^i *jai 

AM)|HSt# S^oh^ A^7| x|| 2 ^A| Oi| Oi| AH 0|D| b|- oio a^ > 0 ^7|Oi|AH-^ ^af&ciK 

* H-S01I CCfB &J-5EX-II DflSal *i|^S-aol AH) 8 ^A|Cm^ X|| 1 gj 2 *y S o^q|( 318 nj 320) moil gAHij SE*|^(322) L« 

oil e.^°+. oilmen £ga ^ai^al^o^ ol^ois eqaj #&|zi(324)# g^Scfeg, 7*13°+ flflt!(364)B £S°+ ^e\^a| 
AtolH^I n«@\4|-A[e»- X |p| n(| @ o| 5|*sj 3g°|nflEH 0 | g§ xi|£|^g f Ak 7 | x|| 6 ^A|oi|o| a ° 

ao| Til g°J-m| e|(364)# 3^^l nfl@H^ S^oh7| *|*HA|^ Dj^i, EQAj #eHa(324) S! *fl 2 #ZfS^ D +(320) ^o|| £ 

^a-E- ^7| xhi 3 ^A|ofloj a ^§^2^ #?J$|-cK aa|i, a^| sgaf, ^a|A|.o|H°j- a ^^x| °|o^ gAj^xj ^ 
^°|oj s = 01 Ap| x|| 3 ^a|oijo| g^af aj^o^ goj- w 

S- ^So|| ccfB H-ESII D|| Hal xf|^^as| Xfl 9 ^a|cm|^ xfl 1 a ^11 2 #ZiS^^(318 a 320) Ml oil §AiHj 5^^(322) Ml 
oil Ehtisj-, oflam #a|Aja|SD|o S ^sah #a<a(324)# E.^l^x|^- aj 7 | j\\ 7 ^A|ofloj aj^o^ 

#^oh7i| gg37||# sa&cK a@ c^, £S^ #^a(324) a Ai| 2 §£}S£°t(320) ^oi| E§sj #a|^a|^°tzf Aja| A ^|H 
^# S^S-tiK o| &| e> E.^1^- Ap| xi| 4 ^a|o<|o| 3^.3+ aj^^o^ soj^ ai^sj^ a0 C |.° Ap ( A^|A|zt 

Ap| Aja|A^| = ^a £93 #a|^a|^°|# ?Hh«a|e| 0^3^(366) a 7||g°| nflt!(364)HS zjzt BflEjy sf^K 
o^S^(366)S S^eF 0|4L0«fe, a}7| x|| 6 ^a|o^|oj go^ ^s^H^ gSEf^|#o| SSIScf. 

* WSoil u}B DilHai ^:XJ Hl^^a^l x-i| 10 ^a|o^ xii 1 gy *|| 2 ^^3^^1(318 a 320) Ml oil §£3 5^^(322) M|o|| ^fl 
oflS^H £93 #a|^a|^°|o^ 0 |^-cH3 HS£ #^zl(324)# S^efe £.^|77fx|-^ a^ 7 | x|| 7 ^A|oflo| aj^^o^ 

sse^isoi ggscK as c^, hs^ #&izi(324) a ^ 2 #^>a^°i(32o) ^khi ^bia^ih^ ^^x|°i# 

^IH^ S^ehcf. ziaiJi ^A-i, a^i Ajzjggg ^IBol-oi ^^l ^a|Aho|H^ a ^4^x|°|# nH^y s^o^ 7j|g°t flHt!(364) 

g Sah^qK nH@(364)# Sahsi. OI^CHI-^ ^go|| C£f^ y£xfl Di|Ha| X\\^*g&9\ J\\ 6 ^A|0<|o| g^fij. aj^^o 

^ ^S£.^ISo| SIBSclK 

o|ohoi|AH^ c|-§°|o^ ol^ojAj a^sf°|(EL)H^ 5Ma|eH(c)# ^Mf7i| sjg t ild SS. nflA|t*i|o|Aj ^§oi|AH ^ ^ 

^7^o|| s|^oi n^A\B\(Q)y[ SSf£|x| ^Soi|# §5^ o|S fl*H A|gi( S 

t)S o^£| 5a2S S^o^ch aali ufAH t A|gi(s 

,)2\ 7Hn«A|EHcH| -5gH M)x| Mo\s>\ S^S el7WBA| o|^H(p 0 larization) a ?H^x|e|o| ^gjJKieakage 

current)!- ^Sofi a £6 *' £ 7CH| z+z| HA|^«cK 

A I3 KS,) xiiifaifg^ c^nf ^cK ojxi, bhHxfl 7|e ajchi 7H*fW*M 3SloFa| ^S*il «IHA|Ef# S4 H oh«cK ?HnflA| 

E|o| 1.44X10 



- 6 crfO|Jl, ?HnfI A lEH PZT^°S.M 2000Ao|cf. ?HnH A IN2| ^S^B lr^2f IrO 

2 °ts| 2 §^o|iH, a ^l^r ztzt 1200AJ4 300Ao|i. ?Hd1]a|eH S^S^S Pt^2f lr0 2 s*2J 2 §^0|&|, a zfz* 1500A2f 
500Ao|cK 

L4-M, ?9#Sf^# 2 8ti*h3ct. ^, #^?jetS ^D|EHil g*SS a^s^ TiO 

2 ^m 1000 A SJ S^S^cK ZL2.I21 l^, Afc£#*PI °i 450TCCHIAH 30££} S^a| ?Hm|A|^ Ja^e|^ *3x\% # 

Atssro ai 

2 0 3 et# 120ASI S^s^cK 

olcHAi, ^ ^Shcr ILDSSS ?(|nHA| E pt 7|&a| ag0 || S7j§3°fS g^Sf2c|. o|cH 

7| 5! 450poi|AH 30 A|gi(s 

e. 6# ^iofg, Tio 2 5+\Ai 2 o 3 ^°s ^-as ^^n^m s^sm ild^ss sum nm^w -s-s^oi ssfsjxi & 

QZlti ^ SitiK xj.^ £-^£&o| 25 uC/arf §JeJ|°| 7H°| zicj|£. #a|bH2 a!## ^ ^ °|cf. o| ±J£jg 

£E 71- ?|)nHA|Ejo| °Hfl M|x| 4gJEAfo|o)|AH °f icr 10 gi*l]cH2| &s 7Wa> Sf-°!S- 4= ^ 

eW, ?H^a|ej ^2ft eJ-E*ll misai =.*j-goj. mo||AH °j-§*|o| « s g ao|;n gigs «f^J# ^ 9ia[. S, o| 

A|S2(S 2 )2+ A|a3(s 3 )# AlQKS^aLf u|m ^gf s^cf. U\M2i A|S1(S 

,)o| gs^e^ ?Hn«A|Ei a^e^o^ A ^Ej Ti q 2 ^ o, A l 2 0 3 9tS AisKs^af #SJgi- g^gg a^shh a|s 2 (S 1 ) 5! A|g 3 (s 3 ) 
2| ai2( D -t2£ zjzt S^o^CK A|E2(S 

Tio 2 ^e># ^Eii a^sk^i §^oh«ji, ais3(s 3 )o| a#sf^e Ai 2 o 3 ^ei# A^ 

^|*| o S , A|Q2(S 2 )£f A|g 3 (s 3 )# ^oKH ojxi, 7H=flA|EH =^*jjo^ 7|e ^0|| A|S1(S,)3+ #iJtF S 

?Hn«A|EH# S^ShScf. n£|2 l-W, y^ej-°s o|^.(H5! ?3#^S S^si-a^K A|g 2 (S 

2 ) Si A|=j3(S 3 )sl tt°J D 4£S o|ip.<H*! c^aif §4!S)5acK 

A|=d2(S 2 )-& a^2f5tSSTi0 2 etS l,^t A|-gSH*| 1000AS| g^S^^K 

# ^Sf7| >4^^7| S! 650-COIIAH 30-g- •Kftc+. A|gi(s 

a|S3(S 3 )B ?3^^s|SS AI 2 0 3 etS 3Af# f^yaf A^shoi 120ASI S^o^cK o|nj|, S^d|h ^7^ 5! ^ 

di^7^^ AI(CH 

aau L-hAi, aiqks,)^ □^^^7^A|s iLDg§, oil^SSS ^Hisi-oi A|g 2 (s 2 )sf A|^ 3 (s 3 )fi| s^a^ 5! ^S^oii W^E'^ 

a c^, a|s 2 (s 2 ) 5=' A|g 3 (s 3 ) zt^oii Cftsw *MHS,W "i^WS a°J§ ^^a|5M7^ah *§s^ a £ 

80)| EA|s^cK S£ 80II-& a|sks 

: M cHoh «^ 0 |^^>dE #»|| SA|s^cK 

A|Si(s,), A|g 2 (S 2 ) 5! a|q 3 (s 3 )o||ah 12?H2| £J^0|§ u||S|<H *W =L £ go|| 5E 

S 8# a|S2(S 2 )2| &^o|^^^°J A|gi ( Sl )2J ^0|g^AiS! <S^S.c[ ^c[^ fifoj^ - o[cK | L D 

^Soi|Ai A|g 2 ( S 

2 )°| ?Hnt|A|El #aet°| AlflKs^Mcf SSf£|sa## & 4 s 21^. aa|Jl. a|^3(S 



Mil ^2icK 

-*IH2(S 2 )s| ISs^5t(Ti0 2 ^)B ILD5ScH|Ai ^ # SiS^, A|ei( Sl )ja| ^o| 2Sst(Ti0 2 \ 

-AiaKS^ai #^?J^(Ti0 2 ^)oi| cub A|g 2 (S 2 )£] a#^(Ti0 2 s+)oi| c|e a*|ai SSESc^ yc*. njaw. 

U^CH| CHS §S^ah 0 | a|^2(S 

2 )SJ aftj a -tac^ »-4§0||£ -S-^ohH AISKS^SJ ^ *F^Salf7|. 4^*^ *FEPIfe« AIQKS^SJ 7HH«A|Ei M£ 

- a|H2(S 2 W »o| Ertiatas y#SH*tS ««»PI f 600 *C o|^o| s^ais s^a| gf«8ts| ttfl*«e 

- a|^3(S 3 )s| 7HnHA|Eio| -^g°t(AI 2 0 3 ^)o| &g«| S^ofe gj-gait »B3ch ^, ±,±.7h±& 
Ai H 

2 0?h^« A^sh«7| tiD^o|cK aHdl. S #^S*t§ ?H^a|eh ««£teh ifaw, 7H*Ha|eh 

(Al 

2 0 3 )# SMS i^S££ aH oil ^7^s H 2 07}^« Atse t^I- AW. 

£ 9# S-=£*ra, aisks^o) »h a|oH gEJjx)*k2. A|g 3 (s 3 )o| h[{b|ch ^# & »ch aa|:a, a|^2(S 

2 )o| nH£|cH 5S|7H»s 1MQ0|ajo S d[| a|cH S§!|*|»o| S5fs|a§§ ^ 81 cf. o|£i(iE| c^aif ^ M|g ^ g| 

- aihks^si a^^^i § g^g- S*4a| 450 a|^ 2 (S 2 )^I ggg. n«°| ajya | £ £ o| 
600*CMc^ ^cK tcfaw, A|Q2(S 

2 )o) hheich S^aH^oI a^-a o|^fe nig s*]a| g§§ ^HjoK*l MaiSSSMI. a^ 7 |. sejj atet*KB 

7| qco|c4. 

- A|g 3 (s 3 )o| A|a 2(s 2 )^i a^awaci- sw*h& fe^oi ^sw. «n. aisks 

g 7H*ha|e| Mi D 4§ A|S3(S 3 )^I ^n^n SSe!- 52i2§ g^sj^cl-. zi^til, -£4^«h^a A|gi(s 

My\o\)A-\^ a «e ^3|-oi ^ ^^oj| c«£h H^3|°h ^A|ofl# &M\isW\ ^S^5JcF. a&m, o|oi| &gsj^ ^ 

« oW2, * 7|#?i a^o| go| ojoiiah g ^ofo||AH s^q| *|A| a egom ZL 7H^0| 7feohcK 



e ^SOil ^£xfl [fllHSl oj i^cHI CtfS.g f ^H^AlEj -^S^0| ILD^, ^A|Ui|0|AjD| ^o| lH«o|| gojHj ^oi) s|«f 

0=1 ^"S^AHol SsfSl"^ ^# a-AJth ^ oj71| gCK ££oh, ^goi| C£|B E3i|a£| ±X[2\ ^30i| Ctfsg, 

A^|^°|oif ^--E A^xiii- aq§ HHai^Dioj ^-b|^7| aH^-cH) d\\s.b\ &^a|^ ^ o|cK 

SHA|E)# ^7^^EH 4 s Si^K ^, ?H^A|E1# gAH^ji ^Ai ILD^S #0j|Aj -^^Sj^ ^ ^7^0« 

s|«fl ?H^a|ei ^g°|o| g£fs=l^ ^# s-xia- ^ ojcih -g. #°|chi c^b ±*\ ^l^a^l ££ ^goii af^g, aj. 
^ o|-oi|Ai ^*S£j^ zl^. a*UI ^§oi|A-i oiiaai ±xt°\ e^x^ &0 | a^^- 5 g &X |fj ^ xich o^e), ju|a| 

^|o|Ajo| # gAHsp| soil a«et a/it S^s^i sjg t nHA|tti[o|Aj ggo«AH ^oj| sj^oi 7H^a| 



*1<HE. 2ns\ MS. c[b §^fl£ ol^cHS ^IJ^-g sgsfe c\m ?3#^2*;4PI chg y^sj-ej- &<X) g^si §y 

0)|H£| 



*)| 1 1HHI 91<HM, 4PI ®£ti<H& *}CH£ W^J^n ?HDflA|Ej £tt«h£|. #s}U5|o| 4,^1 ?HhHa|eh a5°4 

*)l 2 SMI aiolAi, A} 7 | c ^ ig^sj-etg 2 g^o|2>,-y7| #ej-gsj-g. *p| a^« s ^ oflii-geioi Ap ( A^*j=}g. aejg^ 
i£S sRr <LYS.m oil ea| ^xj. 



*)| 2 IHHI SitH-M, S^e+-& <&7\ s^o)| g^sj g-^ej-af Ap| ?hhHa|&) figsf Afo|°| «p| ^ ^ oj- 

§15 oldens 5# »g°£ o)| 2. a| ^ak 



*)l 2 SKHI SKHAi, Ap| a^7| ?||hHA|eh ^3^21 #*|» «^ SUfe- lis o|^cHa|ji, a>7| ? hh«a|e1 Msete 

0)1 H£| ^X)-. 



5511 2 SWI SiO^, At7| ftt^a^ A17| ?f|n}|A|EH #S°|oJ ^X|SH2. A^7| gej-^njoj S( .~o|| gAHSj ^ Ap| ?H n(| 

A l £ l as D -t ^o|2| ^x|fh 4= fi£ o|^.<Hx|i, a}7| ?(|hHa|e< A^7| gcgnt moil g-OJSj ?Hn)|A|E4 

n^ofe ^ 4= ait tgs oi^chs 5!# ^g°s ^se*ii miaai ^x^ 

*)l 2 1.KHI SicHAH, 4}7| #e+!Jqj-£ 400 "C M)x| 600 "C Afo|S| 5J ti^: -g-¥|7| 3^o^|A^ Sxja|S §§°|o| sgo 



^ 2 SWI altHAi, Aj7| ?HaHA|E| fi£9t§ fixfg #*f^ao|| °\S[oi &gs} ALD-S^^°I 5i fS2£ y£*)| D)|sa| ^ 



2 tholl 2i(HAH, Ap| m^^n &7\ ?HnH^IN ^»)|fe 50A >-Hx| 1500A x^|o| 5)# fS££ ysE*ll 

o)|aa| ^xk 



'HI 2 fHHI SitHAH, At7| fa?j5fa TiOg^. Ta 2 0 5 ^, BaTi0 3 ^, SrTi0 3 5t. Bi 4 Ti 3 0 12 5t SEfe PbTi0 3 et°S 0|^-O)5! 5!S 
°S SK= 0)|H£| ^XK 



n\ 2 SiCHAi, a^7| 7||nHA|Ei a^aj-S Al 2 0 3 , Ti0 2 et, Ta 2 0 5 ^, BaTiOgSt, SrTi0 3 ^, Bi 4 Ti 3 0 12 5M- S££r PbTi0 3 e|o|£j, Ap| 
S^&12 

«l 1 fM 9J.O\M. 4,^1 Oil ^siij o| ^ 7 | akx| g^g ni)A|m|o|Ai^g. q sfsfe 5J# ^g°£ Sfe oiiaai ^: 



0)|H£| ^XK 



*l 13 Soil 5do\M. &\ <2}x\^B ^ ?!§ fg°s &e.xSI txiaai 



S^S15 

^ 13 1HHI aiCHAH, Ap| =^gj= S!x|£ #^^ao)| oj^ft) gAHsj ALD-#*!^°J 2J# Sfe ^£*|| m|sa| 

^Al. 



«l 13 Soil atolAi, ^gjp. »x|SfS Al 2 0 3 ^. Ti0 2 e|, Ta 2 0 5 *t, BaTi0 3 ^, SrTi0 3 ^, Bi 4 Ti 3 0 12 5J- i£r PbTi0 3 ^£J 3d# 

^g°s sfe e^i mi sai ' ' ~ 



t!^Sl7 

m 13 Soil SJcHah, 4p| SJx|sj-g 400 "C mx| 6001: aM3|o)|a| g^ais shfe b> E i|| on 

sal 



S^S18 

*ll 13 Soil Sio|Ai,A}7| niiij-gsiaf a^ 7 | ^^§i= ujxioj. A fo|o|| tiI^ ci j|fs(i ago £ sfe oil sa| 



S^S19 

*(l 1 Soil XicHA-l, ?Hh||a|e) s^a^ol a^-e Aj a | A ^|H^°s ol^cHS 5j# fS°£ sr=- misa| ^x*. 



£^S20 

*fl 1 Soil 9io\M, 4^1 ?HnflA|Ei sf«o|| §ah S oj Ap| l||o|| ^u|s|<H aj. 7 | ?Hh|1a|eJ SM^S^sf S?l*l 

2£ eiSsi^- £24! #eizi# o\ asshi, ?HnflA|Ej s|.«g=aif ££s-a #Ela Ajo|oi| *J a|Afo| = eto| as 

§^S21 

*ii 1 soil 2ioiM,&7\ nw*\t\ s^chi s^s #^s^5t; si 4Pi moii ^h|s|<h #7| ?dhha|ei o^s=o^ 371*4 

2£ £.24! #&ln# ci ifs|2,^7| £341 g^a-fe- ^aixfolHetosa)- o|^oi*-|7Hi-h sfl *J 

a|A^| = ej-o| £*r*jo S 2g5j°^. o|^.cH5! 5§ ^S°£ sfe ghEifl m|sa| ^x|. 

S^S22 

4H?3^ S! SHjiS^af 4J¥3^ a|0|0|| ajojsj ?|)n||A|E| *gat« SfSfe ?HnflA|E|; ?HnflA|E|oj xj a 

S§ 1**H*I *I<H£ a|s c|g S3tS£ o|*cH3 S^&etBf ?H ^ a| e| 2£5tt 7|*| cfg 2SS|s|, At 7 | gs^ 
ate 4PI ?Hd«a|e| at°4a^ °^tH| ^a|s|fe 5J# *§o £ o)|Ha| ^x|. 



S^S23 

5f?S^, 4.^3^ SJ 4^1 SFYS^af a|o|o|| ^gjsj ?haHa|e| ^£js^# sfsfe ?HhHa|eh, a^| ?Hd||a|e| a^| %g 

& aa°4, 4,^1 SfSM 4^| 4^S^2f ^eisfe m»SH| S! 4^1 HIBS«| 4^1 S41S n«A|u||o|^etg ifsfe 

Sf£«J misai ^aI^a-i, A} 7 | miihsej^ a^| nHA|u||o|Aj^ a|o|chi +±n+ &x\<ito\ tii^s 5§ sg°s eh£*ll mis 
ai ^a|. 

S^S24 

n 23 Soil 2i(HAi,A^7| ^^t)^- »x|«te Al 2 0 3 ^, Ti0 2 ^, Ta 2 0 5 5t. BaTi0 3 et, SrTi0 3 et, Bi 4 Ti 3 0 12 st BE^ PbTi0 3 «f2! 2!# 

^g°s sit a>£*ii mi sai ^x|. 

S^S25 

«l 23 Soil 2i<HA|,4K7| ^±i¥ ALD-g^^SJ 5!# «g°£ Sfe m|sa| ^x|. 



S^S26 

*^a^. 4^a^ s! 4^1 s^a^ 4^1 4^2^ Afoimi tJ-gjsj^- ?nnnA|^ xs«h& &s.m misai ?nn}i 

a|e|# e>£E*|| 7|emi S4 H °h& t^l; 5i4^| ?Hd«a|e|2| 3 sigsjo^ ^m^. Qf§ a#sf°t# S41SH= E.MIS aS«l 
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